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1.0 PROJECT DESCRIPTION 

The Femald Environmental Management Project (FEMP), formerly the Feed Materials Production 
Center (FMPC), is a contractor-operated federal facility for the production of purified uranium metal 
for the U.S. Depamnent of Energy (DOE). The FEMP is located on 1050 acres in a rural area 
approximately 20 miles northwest of downtown Cincinnati, Ohio. On July 18, 1986, a Federal 
Facilities Compliance Agreement (FFCA) was jointly signed by the U.S. Environmental Protection 
Agency @PA) and DOE to ensure that human health environmental impacts associated with past and 
present activities at the FEMP are thoroughly investigated so that appropriate remedial actions can be 
assessed and implemented. 

A remedial investigation/feasibility study (RI/FS) has been initiated to develop these remedial actions. 
A part of this RI/FS is Operable Unit 4, which consists of Silos 1 and 2 (K-65 silos), Silo 3 (metal 
oxide silo), the unused Silo 4, and the silo structures and surrounding berms. Operable Unit 4 is 
located south of the waste pit area. The FS for Operable Unit 4 is considering remedial actions for the 
silo structures and for waste stored in the silos and in the adjoining silo berms. 

1.1 BACKGROUND INFORMATION 

1.1.1 Site Description 
A variety of chemical and metallurgical processes were utilized at the FEMP for manufacturing u a -  
nium products. Uranium compounds were introduced into the FEMP processes at several points 
during the manufacturing process. Impure starting materials were dissolved in nitric acid, and the 
uranium was purified through solvent extraction to yield a solution of uranyl nitrate. Evaporation and 
heating converted the nitrate solution to uranium trioxide (UO,) powder. This compound was reduced 
with hydrogen to uranium dioxide (UO2) and then convened to uranium tetrafluoride (UF,) by reaction 
with anhydrous hydrogen fluoride. Uranium metal was produced by reacting UF, and magnesium 
metal in a refractory-lined vessel. This primary uranium metal was then remelted with scrap uranium 
metal to yield a purified uranium ingot. 

From 1953 through 1955, the FEMP refinery processed pitchblende ore from the Belgian Congo. 
Pitchblende ore contains all daughter products of the uranium decay chains and is particularly high in 
radium. No chemical separation or purification was performed on the ore before its arrival at the 
FEMP. Beginning in 1956, the refinery feedstock consisted of uranium concentrates (yellowcake) 
from Canada and the United States. Canadian concentrates were not processed after 1960. In the 
production of these concentrates, most of the uranium daughters had been removed. Radium-226 (Ra-226) 
and thorium-230 (Th-230). however, remained in the yellowcake in amounts that varied with the process. 
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Small amounts of thorium were produced at the FEMP on several occasions from 1954 through 1975. 
Thorium operations were performed in the metals fabrication plant, the recovery plant, the special 
project plant, and the pilot plant. The FEW currently serves as the thorium repository for DOE and 
maintains long-term storage facilities for a variety of thorium materials. 

1 

2 

3 

4 

Large quantities of liquid and solid waste were generated by the various operations at the FEMP. 
Before 1984, disposal of solid and slumed waste from FEW processes was in the on-property waste 
storage area. This area, which is located west of the production facilities, includes seven low-level 
radioactive waste storage pits and a clearwell; two earthen-bermed concrete silos containing K-65 
waste that are high-specific activity and low-level radium-bearing residues resulting from the pitch- 
blende refrning process; one concrete silo containing metal oxides (raffinate solids disposed of in the 
pits are similar to those initially dried and pneumatically transferred to that silo) and one unused con- 
crete silo; two lime sludge ponds; and a sanitary landfill. The waste storage area is addressed under 
Operable Units 1, 2, and 4. 
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An inactive fly ash disposal area and an active fly ash pile, addressed under Operable Unit 2, are 14 

15 

16 

17 

18 

19 

located approximately 3000 feet south-southeast of the waste storage area. One pile remains active for 

the Operable Unit 1 treatability studies. An area between and adjacent to the fly ash areas, known as 
the disposal of fly ash from the FEMP coal-fired boiler plant. Fly ash from this area will be tested in 

the Southfield, is believed to be the disposal site for construction debris and possibly other types of 
solid waste from FEMP operations. The Southfield is also being addressed as a solid waste unit under 
Operable Unit 2. 20 

1.1.2 Ouerable Unit 4 DescriDtion 
Operable Unit 4 is located south of the waste pit area and consists of four concrete silos: Silos 1 and 
2 (K-65 Silos), Silo 3 (metal oxide silo), the unused Silo 4, and the silo structures and surrounding 
berms. Silos 1 and 2 were used for the storage of radium-bearing residues formed as by-products of 
uranium ore processing. Silos 1 and 2 received residues from 1952 to 1958. Raffinates (residues 
resulting from uranium solvent extraction) were pumped into the silos where the solids would settle. 
The free liquid was decanted through a series of valves placed at various levels along the height of the 
silo wall. Settling and decanting continued until the silo material was approximately four feet below 
the top of the vertical wall. 

21 
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n 
28 

29 

Historic analysis of the Silos 1 and 2 residues indicates that approximately 11,200 kilograms (kg) of 
uranium (0.71 percent uranium-235 [U-2351) is present. Analytical results of residue samples taken in 
July 1988 indicated the uranium concentration was 1400 parts per million (ppm) in Silo 1 and 1800 

30 

31 

32 

33 ppm in Silo 2. In addition, approximately 0.13 to 0.21 ppm of radium was estimated to be in the silo 
residues. 34 
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Data from the 1989 sampling effort conducted by Westinghouse Environmental Management Company 
of Ohio (WEMCO), formerly Westinghouse Materials Company of Ohio (WMCO), for Silos 1 and 2 
indicate that the concentration of Ra-226 in Silo 1 ranges from 89,280 to 192,600 picoCuries/gram 
(pCi/g) in Silo 2 it ranges from 657 to 145,300 pCi/g. Th-230 concentrations in Silo 1 range from 
10,569 to 43,771 pCi/g and from 8365 to 40,124 pCi/g in Silo 2. The concentration of lead-210 (Pb- 
210) in Silo 1 ranges from 48,490 to 181,100 pCi/g and from 77,940 to 399,200 pCi/g in Silo 2. 
Total uranium concentrations in Silo 1 range from 1189 to 2753 ppm and from 137 to 3717 ppm in 
silo 2. 

Due to the probable diffusion of radon into the berms, it is believed that the berms and subsoils 
contain elevated levels of Pb-210 and polonium-210 (Po-210). There may have been leakage from the 
existing leachate collection system beneath the silos into the surrounding soils. If this has occurred, 
the potential for uptake of long-lived radionuclides would be a major hazard. Sampling of the berms 
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10 

1 1  

12 

13 

14 

and soil beneath the silos is scheduled and, upon completion, will confirm the nature and extent of 
contamination and contaminant migration, if any. 

Silos 3 and 4 were constructed in 1952 in a manner similar to Silos 1 and 2; however, the silos were 1s 

16 

17 

18 

designed to receive dry materials only. Raffinate slumes from refinery operations were dewatered in 
an evaporator and spray-calcined to produce dry materials for storage in the silo. The material was 
blown in under pressure to fill Silo 3. Silo 4 was never used and remains empty today. 

Silo 3 contains silica, uranium (738 to 4554 ppm), Th-230 (21,010 to 71,650 pCi/g), a very small 19 

20 

21 

22 

23 

amount of Ra-226 (467 to 6435 pCi/g), and other metal oxides. Silo 3 is not a significant radon 
source, and due to the physical characteristics of the silo contents (dry and powdery), it is not believed 
to be the source of any contaminant migration to the surrounding and underlying areas. It is, however, 
still a source of radioactivity and a potential airborne contaminant hazard due to its dry, powdery 
consistency. 24 

Appendix D contains more detailed information on the radiological, organic, and inorganic constituents 25 

26 of the silo material. 
The variability and inconsistency of results from previous sampling efforts and the lack of material 

However, these results do not fully characterize the contents of Silos 1 and 2. 
n 

from the lower areas of the silos precludes the use of these data for fully characterizing the silos’ 23 

29 

30 

31 

contents. Therefore, a resampling program was conducted (and completed in August 1991). but 
analytical results are not available for inclusion into this document. The results will be documented in 
the Operable Unit 4 Remedial Investigation (RI) Report. 

It should be noted that particle size distribution and sample heterogeneity will affect the results of the 32 

33 treatability study. If the cement technology is carried forward, more tests should be conducted during 
7 6 
A. 
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the Remedy Design Phase to better define the effects of these parameters. During the treatability 
study, the effect of particle size distribution is being controlled by grinding and sieving the waste and 
reagents, if necessary, to pass through a 0.1 1- or 0.187-inch sieve before mixing. In addition, the 
waste and dry reagents are mixed thoroughly before the water (and if appropriate sodium silicate) is 
added. The wet mixture is further mixed to ensure good mixing. The effects of sample heterogeneity 
are being monitored during the treatability study Advanced Phase where waste from different locations 
(Zones A, B, C) will be treated. 

During the treatability study, it will be noted if material is hard to mix due to viscosity of sample or 
high liquid content. 

1.2 REMEDIAL ACTION OBJECTIVES 
The overall program goals, i.e, remedial action objectives (RAOs), are medium-specific cleanup goals 
for protecting human health and the environment. They address the contaminants of concern as well 
as exposure routes and receptors identified in thebaseline risk assessment. The primary purposes of 
RAOs are to ensure site-wide compliance with: 

Chemical-specific applicable or relevant and appropriate requirements (ARARs) and to 
be considered (TBC) guidelines 
EPA guidance for risk to public health from hazardous chemicals 
Regulatory standards for control of radiation and radioactivity in the environment 

The RAOs for Operable Unit 4 must cover all constituents (radiological and chemical) that contribute 
to a reasonable maximum exposure (RME) scenario. RAOs for Operable Unit 4 are given in Figure 
1-1. Alternatives for remediation must meet airborne RAOs and direct radiation RAOs at a point 
immediately adjacent to the silos, as well as drinking water RAOs in perched water that might be 
encountered directly below the silos. The treatability study goals are given in Section 1.4. 

Ten remediation alternatives for Operable Unit 4 are listed in the DOE report "Initial Screening of 
Alternatives for Operable Unit 4," (DOE 199Oa). Nine of these alternatives are still under con- 
sideration. Laboratory data are needed to evaluate the alternatives, eliminate alternatives that are not 
technically feasible, and aid in the selection of a preferred altemative(s). Further details of the 
alternatives are given in Section 2.0. 

1.3 JUSTIFICATION 
The justification to conduct these tests is provided by EPA in "Guide for Conducting Treatability 
Studies Under CERCLA" (EPA 1989a). The document recommended treatability tests for those 
substances that do not have standard treatment methods or supporting data in the literature that prove 
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1. SILO CONTENTS 

Hazard Index greater than or equal to unity (l), andlor combined 
risks from exposure to carcinogens greater than or equal to 1 .OEM, 
using 1 .OE-06 as the point of departure. 

Revent migration of contaminants which would resut! in 
groundwater concentrations greater than the MCLs or non-zero MCLGs, that 
would resutt in a Hazard Index greater than or equal to unity (l), 
and/or combined risks from exposure to carcinogens greater than 
or equal to 1 .OEa, using 1 .OE-06 as the point of departure. 

Prevent current and future direct radiation doses from 
exceeding 100 mrem/yr. 

1-2 

1-3 

For Environmental Protection: 
-ts that would result in surface 
water levels greater than ambient water quality criteria. 

Prevent current and future direct radiation doses from 1-5 

FIGURE 1-1. REMEDIAL ACTION OBJECTIVES 

2. AIR 

in a Hazard Index greater than or equal to unity (l), and/or combined 
risks from expasure to carcinogens greater than or equal to 1 .OEM, 
using 1 .OE-06 as the point of departure. 

Prevent doses from radionuclide emissions at the FEMP from exceeding 
10 mrem/yr, and radon flux from exceeding 2OpCi/square meter-second. 

For Environmental Protection: 

2-2 

2-3 -tion emissions from causing 



3. SOILS 

4. SEDIMENTS 

For Human Health: 
Prevent inhalation offingestion of/dired contact with soils 
surrounding the silos which would result in a 
Hazard Index greater than or equal to unity (1). andlor combined 
risks from exposure to carcinogens greater than or equal to 1 .OE-04, 
using 1 DE-06 as the point of departure. 

Prevent migration of contaminants which 
would result in groundwater concentrations greater than the 
MCLs or non-zero MCLGs, that would result in a Hazard Index greater than or equal to 
to unity (l), andlor combined risks from exposure to carcinogens 
greater than or equal to l.0E-04, using 1.OE-06 as the point of departure. 

Prevent radium concentrations from exceeding 5 pWg in the first 
15 cm of sail, and 15 pCi/g at lower depths. Prevent concentrations of other 
nuclides from exceeding levels that would result in doses greater than 100 mrem/yr. 

For Environmental Protection: 
Prevent migration of contaminants that would result in surface 
water contamination levels greater than ambient water q u a l i  criteria. 

31 

3-2 

S3 

which would result in a Hazard Index greater than or equal to 
to unity (l), and/or combined risks from exposure to carcinogens 
greater than or equal to 1 .OE-o4, using 1 .OE-O6 as the point of departure. 

For Environmental Protection: 
2% -s from sediments that 

FIGURE 1-1. 
(CONTINUED) 



MEDIA REMEDIAL ACTlON OBJECTlyES 

6. GROUNDWATER 

For Human Health: 
Prevent exposures to non-carcinogens which would result in a 
Hazard Index greater than or equal to unity (1), and/or combined 
risks from exposure to carcinogens greater than or equal to 1 .OE+, 
using 1 .OE-06 as the point of departure. 

5. SURFACE WATER r 
the MCLs. non-zero MCLGs, TBCs, or which would result in a Hazard Index greater 
than or equal to unity (l), and/or combined risks from exposure to carcinogens 
greater than or equal to 1 .OE+, using 1 .OE-O6 as the paint of departure. 

6-2 For Environmental Protection: 

For Environmental Protection: 
Restore surface water to below ambient water quality 
aiteria. 

FIGURE 1-1. 
(CONTINUED) 
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the material of interest can be effectively treated by reducing its volume, toxicity, or mobility. 
RAOs and treatability goals for Operable Unit 4 are discussed in Sections 1.2 and 1.4. 

The 1 

2 

Westinghouse is conducting ex situ vitrification tests on the Silos 1 and 2 materials. The stabilization 
tests in this work plan are required so that comparisons of ex situ vitrification and stabilization that 
will be made in the FS and in subsequent engineering designs can be based on fact rather than on 

3 

4 

5 

conjecture. 6 

Because the Silo 3 wastes were produced at the FEMP site and because metal reduction by solvent 
extraction is a proven technology for uranium oxides, these oxides are not the subject of an extraction 
study. Yet, because of the unique nature of the Silo 1 and 2 materials and the lack of process 
knowledge concerning their chemical rather than elemental composition, it is not obvious if an 
extraction process can be developed that would remove a sufficient quantity of metals in order to 
render the material nonhazardous as defined by the Resource Conservation and Recovery Act (RCRA). 
Unlike the Silo 3 material, the original Silos 1 and 2 material was processed at the Mallinckmdt 
Chemical Works. Production records from this facility are no longer available except for elemental 
analyses developed by NLO, formerly National Lead Company of Ohio (Bettis et al.). These analyses 
are not sufficient in detail to support a metals extraction decision as feasible or not feasible. 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Similarly, the cementation process requires a unique recipe to be formulated for each unique waste 17 

18 

19 

form. 
study, a treatability study must be performed to determine whether cementation is a feasible option. 

Because neither the Silo 3 nor the Silos 1 and 2 materials have been the basis of a cementation 

These treatability studies are necessary to eliminate alternatives in the Operable Unit 4 FS. This study 
is currently carrying nine alternatives and two different stabilization options. 
to definitively provide information that would reduce the number of options that must be considered. 

20 

21 

22 

The studies are needed 

Finally, because of the unique nature of the material in the silos, the materials deserve special 
consideration to ensure that the ultimate remedial action alternative selected by DOE in the Record of 
Decision (ROD) can be supported without the potential for criticism by the local community and 
environmental political action groups. The project cannot afford to amve at the end of the process 
without the appropriate documentation of its decision-working process. 

23 

24 

25 

26 

27 

1.4 GOALS OF TREATABILITY STUDY 28 

The primary goal of the treatability study is to support remedy selection during the FS. 
FS by providing data about the waste treatment under consideration by the FS. This information is 
used to select the most promising treatment technologies for further consideration in conjunction with 

It supports the 29 

30 

31 

32 28 other aspects of the proposed alternative designs. 
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This treatability study is designed to provide data for technologies that lower the leachability of 
contaminants by chemically fixing them in an altered material matrix. These data will be compared to 
preliminary remediation goals (PRGs), toxic constituent regulatory limits (toxicity characteristic 
leaching procedure [TCLP] limits), and site background concentrations to determine if attainment of 
any or all of these goals is feasible using the technologies listed in Section 1.5. These quantitative 

objectives. I 

1 

2 

3 

4 

5 

6 goals are developed in Section 3.0, which outlines the treatability study's specific performance 

It is not the intent of these treatment methods to reduce leachability of radioactive and HSL con- 8 

9 stituenti by diluting the waste with stabilizing reagents. 

1.5 TREATABILITY STUDY 10 

1.5.1 EPA Treatabilitv Guidance 1 1  

EPA's "Guide for Conducting Treatability Studies Under CERCLA" (EPA 1989a) outlined a three- 12 

13 

14 

15 

tiered approach to conducting treatability studies for a Superfund site. This original interpretation of 
the approach can be seen in Figure 1-2. The remedy evaluation phase of the RVFS, in accordance 
with the EPA guidance, may require a minimum of three tiers of treatability testing: 

Remedy screening 
Remedy selection 
Remedy design 

16 

17 

18 

Figure 1-3 reflects the approach recommended by DePercin, Bates, and Smith of EPA in their article 19 

"Designing Treatability Studies for CERCLA Sites: Three Critical Issues," (1991). This illustrates three XI 

levels of treatability testing and how this treatability plan compares with these requirements. 21 

Pre-ROD treatability studies provide the critical performance and cost data needed to (1) evaluate all 
potentially applicable treatment alternatives and (2) select an alternative for remedial action based on the u 
nine RWS evaluation criteria. 24 

22 

The detailed analysis of alternatives phase of the RI/FS follows the development and screening of 25 

alternatives and precedes the actual selection of a remedy in the ROD. During the detailed analysis, all 
remedial alternatives are evaluated based on nine RVFS evaluation criteria. These criteria are as follows: 

26 

n 

Compliance with AR4Rs 
Long-term effectiveness and permanence 

Short-term effectiveness 
Implementability 

Overall protection of human health and the environment 

Reduction of toxicity, mobility, and volume through treatment 

28 

29 

30 
31 

32 

IC) "2 33 



. .  

Remedial Investigation/ Record of-Remedial Design/- 
Feasibility Study (RIFS) I * Decision Remedial Action 

(ROD) (RD/RA) 

Identification 
of Atternatives 

Remedy 
Selection 

Sie 
Characterization Evaluation 

I- andTechnology 

to Validate Technology 

Screening 

Implementation - ofRemedy - 

Benchscale Testing to 
Devebp Perkmvlnce Data 

PibtScale Testing to 
Develop Performance. 
Cost, and Design Data 

Source: Guide for Conducting Treatability Studies Under CERCIA. Interim Final 12/89. 

FIGURE 1-2. THE ROLE OF TREATABILITY STUDIES IN THE RI/FS AND RD/RA PROCESS 



RIFS -ROD- RD/RA C 

Identification 
of Alternatives 

Site 

Remedy 
Selection 

Characterization Evaluation 
-and Technology of Alternatives - 

Screening 

Initial Screening 
ofAlternatives/ 

Treatability Work 
lan Development 

Testing and 
Analysis 

Testing and 

OptiOnal 
Testing and 

AnahrSiS 

Implementation - ofRemedy 

Desgn Treatzibilii Studies r 

TI O W  Treatability Studies 

Bench 8 Pilotscale 

Source for EPA Guidance: DePeran, P,.E. Bates, D. Smith, 1991, 
'Designing Treatability Studies for CERCIA Sites: 
Three Criical Issues,' Journal of the Air and Waste 
Management Association, Vol. 41, No. 5. 

XJ 
8@ 

FIGURE 1-3. RELATIONSHIP OF THE OPERABLE UNIT 4 TREATABILITY STUDIES TO THE RI/FS PROCESS 
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cost 
Stateacceptance 
Community acceptance 

These criteria are described in detail in "Guidance for Conducting Remedial Investigations and 
Feasibility Studies Under CERCLA" (EPA 1988). 

4 

5 .  

The relationship between the evaluation criteria and the data that will be generated during treatability 6 

7 

8 

9 

10 

11 

studies is shown in Table 1-1. For example, the ability of a particular waste formulation or tech- 

environment would be determined by evaluating factors such as concentration of contaminants in the 
leachate, the durability of the waste form, its compressive strength as it relates to disposal and 
handling, permeability, and intrinsic properties of the waste form (glass versus cement). 

nology (cement stabilization versus vitrification) to provide protection of human health and the 

Remedy screening is the first step in the tiered approach. Its purpose is to determine the feasibility of 
a treatment alternative for the contaminants/matrix of interest. These tests are typically conducted 
under conditions that are favorable to the technology. These small-scale studies are designed to 
provide a qualitative evaluation of the technology and are conducted with minimal levels of quality 

specific). If the feasibility of the treatment cannot be demonstrated, the alternative should generally be 

12 

13 

14 

I5 

16 

17 

IS 

assurance/quality control (QA/QC). Tests conducted under this tier are generic in nature (not vendor 

screened out at this time. 

The remedy selection tier of the treatability study program is designed to provide information, which 
will be used to determine whether a treatment alternative can meet the operable units' cleanup criteria 
and at what cost. This tier generates the performance and cost data necessary for remedy evaluation in 
the detailed analysis of the FS alternative phase. The cost data developed in this tier should support 
cost estimates of +50/-30 percent accuracy. The performance data will be used to determine if the 
technology will meet ARARs or cleanup goals. Remedy selection studies are typically small scale 
incorporating generic tests using bench- or pilot-scale equipment in either the laboratory or field. The 
study costs are higher than those encountered in the remedy screening tier and require longer durations 
to complete. The levels of QA/QC are moderate to high because the data from these studies will be 
used to support the ROD. 

19 

m 
21 

22 

23 

24 

25 

26 

27 

28 

In the remedy design tier treatability study, detailed scale-up, design, performance, and cost data are 29 

30 

31 

32 

generated to implement and optimize the selected remedy. Remedy design studies are performed after 
the ROD, usually as part of the remedy implementation. These studies are performed on full-scale or 
near full-scale equipment with the purpose of generating detailed, scale-up design and cost data. The 

25 



TABLE 1-1 

RELATIONSHIP OF TREATABILITY DATA TO FS EVALUATION CRITERIA 

Overall protection of human 
health and the environment 

X 

Compliance with ARARs X X X 

Long-term effectiveness and X X X X X 
I 

permanence 

Reduction of toxicity, 
mobility, or volume through 
treatment 

X 

Short-term effectiveness 

Implementability 

Cost I I 

X X a 
X 

X 

I X 

X X 

X I  X 
State acceptance X X X X X X 

Community acceptance X X X X X X 

“Cement stabilization only. 
bVitrifcation only. 

m 
m 
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study should focus on optimizing process parameters. These studies require moderate to high QNQC 
and are typically vendor specific. 

1 

2 

1.5.2 Amroach 3 

Treatability studies will be performed in accordance with 40 CFR 261.4(e) and ( f ) ,  and OAC 3745-51- 4 

W(e) and (0. Treatability studies on the silo materials will be performed as pan of the remedy evaluation 
phase of the W S .  These treatability studies will aid in the selection of a remedial action alternative that 

s 
6 

is feasible, implementable, and cost-effective. These studies will consider cement stabilization of the I 

Silos 1 and 2 and Silo 3 material and the leaching, leachate stabilization, and leachate purification of the 
Silos 1 and 2 wastes. Because of the differences in the hazardous and radioactive substances found 

8 

9 

10 between Silos 1 and 2 and Silo 3, these materials will be handled as separate treatability study samples. 
See Figure 1 4  for overall flowsheet for this treatability study. TCLP, unconfined compressive strength 
(UCS), radiological analysis, modified TCLP (MTCLP), and product'consistency test (PCT) will be used 

11 

12 

to compare the effectiveness of the various stabilization formulations. 13 

This work plan covers the remedy screening and remedy selection tiers of the treatability studies as 
described in the EPA guidance. The remediation screening is performed in the preliminary phase 
studies, and the remediation selection is performed after the advanced phase treatability studies. The 
preliminary phase studies will determine the potential reagents and conditions for stabilization and/or 
leaching of the silo material. Composite samples will be tested in the preliminary phase experiments 
to minimize total experiments, cost, and waste generation. The effect of silo material variability will 
be evaluated in the advanced phase studies by testing the formulations and/or leaching on the top, 
middle, and bottom layers from each silo. 

14 

1s 

16 

17 

18 

19 

20 

21 

TCLP data on the raw material are being collected during the sampling and analysis effort (see 
Chapter 6). and TCLP and/or MTCLP data on the treated material is being generated during this 
treatability study. The comparison of this data between the untreated and treated waste will be made 
during the detail analysis phase of the Feasibility Study. 

22 

23 

2.4 

25 

It is assumed the raw waste samples are similar in composition to the samples used for the treatability 
study. This is a logical assumption since the raw material samples are strata samples (from Zones A, 
B, and C) from each of the three manways. The treatability samples are strata samples (from zones A, 
B, and C) and are composites of the three manways (i.e., each silo has 1 composite sample from each 

26 

n 
23 

29 

zone). 30 

27 

FER/OU4-6/JK.WP361 . I  /12-3&91 
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FIGURE 1-4. TREATABILITY FLOWSHEET 
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1.5.3 Stabilization of Untreated Silo Material 
I In the preliminary phase, the main effects of various stabilization reagents (Le., portland cement Type 
11, Type F fly ash, sodium silicate, attapulgite, clinoptilolite, and water) will be tested. The samples 
from the 1990 archive and 1990-1991 sampling efforts will be subjected to this screening process (see 
Section 6.0 for a description of the sampling efforts). The data produced will be used to dctermine the 
scope of the advanced phase studies. Samples from the 1990-1991 sampling effort will be used in the 
advanced phase studies. Figure 1-5 illustrates the phases and stages of testing to be performed. The 
analytical tests to be performed in each stage are listed in Table 1-2. 

- 

Type I1 portland cement was chosen because the materials that were processed to produce the silo 
wastes included pitchblende and ore concentrates. Pitchblendes contain varying amounts of sulfate. 
Ore concentrations are produced by processing ore with acid. Frequently, the acid used to process the 
ore is sulfuric acid. Pitchblende and ore concentration could result in moderate quantities of sulfate in 
the raffiiate. Portland cement is added to solidify the waste, to add silicates to react with the metals, 
and to maintain the treated waste in an alkaline form to decrease the leachability of the metals of 
concern. When the cement is used in conjunction with fly ash, it acts to increase the strength of the 
treated waste. The fly ash also may decrease the effect of inhibitors, e.g., sulfates and oil, on the 
cement setting and strength formation reactions. Sodium silicate is added to react with the metals and 
lower their solubilities. The soluble silicates additive may also increase the treated waste bearhg 
strength, decrease the bulking factor, and lower the effect of inhibitors, e.g., sulfate, for a given 
cemenvfly ash additive loading. Attapulgite and clinoptilolite are added to absorb metals, in particular 
cesium, to decrease the leachability of the mated waste. Further justification, based on a literature 
study, for the use of cemenvfly ash for this treatability study is given in Appendix F. The work plan 
was customized to the limited availability of sample from each silo. It was considered prudent to 
follow the conservative path that sulfate may be a problem. If during the sample characterization, it is 
determined that sulfate is not present, then in the remedy design phase portland Type I cement may be 
tested. 

\ 

From the available analytical data and the process history of the waste, the organic compound 
concentrations should be low. The work plan was written to reflect the known constituents in the waste. 
It is expected that the inorganic inhibitors (e.g., MgF, and inorganic or organic phosphate compounds) 
will cause more problems than the organic contaminants. Due to the anticipated problems resulting 
from the inorganic inhibitors and the potential organic constituents, a wide range of cement and fly ash 
concentrations will be investigated in the preliminary phase. In Stage 1, the proposed range of reagents 
(see Tables 4-2 and 4-3) will be investigated on archive samples. The experiments were designed such 
that trends could be identified and utilized in the subsequent experiments in this treatability study. 
When possible, contour maps of UCS and MTCLP results versus reagent loadings will be created to aid 
in visualization of the trends. Based on the results of the tests, the ranges for each reagent may be 

29 
~U4-6/JK.WP361.1/12-3091 
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FIGURE 1-5. STABILIZATION OF UNTREATED MATERIAL (SILOS 1,2, AND 3) 

Preliminary Phase 

Stage I 
1990 Archived Silos 1 & 2 Sample Material 

1989 Silo 3 Composite Sample Material 

30 

Preliminary Phase 

Stage II 

Silos 1 & 2 Composite Sample Material 

Silo 3 Composite Sample Material 

Preliminary Phase 

Stage 111 

Silo 1 & 2 Composite Sample Material 

Silo 3 Composite Sample Material 

Advanced Phase 

Silos 1 & 2 Zone Composite Sample Material 

Silo 3 Composite Sample Material 
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TABLE 1-2 

ANALYTICAL TESTS - STABILIZATION OF UNTREATED SILO MATERIAL 

TCLP - metals 

*Optionally, after extraction for 5 days, the samples will be soaked for an additional 85 days. 
The sample may be inspected for physical degradation. 
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plot UCS, bulking factor, and MTCLP results versus reagent loadings. 

The general procedure of this work plan is an iterative process where the results from matrices of 
experiments are used to determine the course of the next set of experiments. 

Vitrification studies of untreated silo material are not included in the scope of this work plan but are 
being conducted separately. It is mentioned here so that the reader is aware that all currently available 
stabilization technologies are being considered. 

1.5.4 Silos 1 and 2 Metals Extraction/Precipitation/Stabilization/Vitrification 
The work plan was customized to the limited availability of samples from each silo. This limitation 
restrains the depth of experimentation with the sample. The treatability study will determine the proof 
of principle of the leaching process. In the remedy design phase, the details of the process may be 
investigated. If the matrix of experiments indicates that multiple extractions are needed, this will be 
noted in the report. Also, if there is sample available and at the investigator’s discretion, a few 
experiments with multiple extractions may be investigated. The screening will test various chemical 
leaching techniques on residues from the Silos 1 and 2. The samples will be subjected to this 
screening process to determine the responsiveness of the silo material to various acid (hydrochloric, 
nitric, and acetic acids) and ethylenediaminetetraacetic acid (EDTA) leaching schemes. Hydrochloric 
and nitric acids were selected as a result of their use in the uranium mining industry and because most 
metal chloride and nitrate salts are soluble. Nitric acid has the additional benefit of being able to 
oxidize UO, to a more soluble hexavalent uranium complex. Acetic acid was selected due to its mild 
complexing ability that may accentuate the metal solubilities. 

A flow diagram showing phases and stages of experiments to be performed is presented in Figure 1-6. 
The analytical tests to be performed in each phase of the project are listed inTable 1-3. The general 
procedure of this work plan is an iterative process where the results from matrices of experiments are 
used to determine the course of the next set of experiments. 

The most promising leaching methods, as determined in the preliminary phase, will be applied in the 
advanced phase analysis. The treatability study will also study vitrification of the leachate, leaching 
kinetics, solids washing, solidhiquid separation, precipitation of remaining metals in the leachate solu- 
tion, and stabilization of the material precipitated from the leachate. The leachate will be vitrified by 
first removing the liquid by evaporation followed by heating the dried waste combined with glass 
former/modifiers at 125WC. The glass former/modifiers tested in this study are alumina-silicates (soil 
and fly ash) and sodium hydroxide. The most effective stabilization reagents deteqnined from the 
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FIGURE 1-6. METAL EXTRACTION OF COMPOSITE SAMPLES FROM SILOS 1 AND 2 
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TABLE 1-3 

ANALYTICAL TESTS - METAL EXTRACTION OF SILOS 1 AND 2 

~ PCT - Gross alpha - beta 

Radionuclides 

Leachate Characterization for 
Vitrification 

MTCLP - metals 

X 

X 

X 

I I 

PCT - U by IC 

Visual 

Bulking factor 

U by IC 

X 

X 

X 

X 

Pb by ICP or AA X X X 

TCLP metals X I I 

MTCLP - Gross alpha - beta I I I X 

MTCLP - U by IC I I I x  
PCT - metals I I I x  
PCT - general chemistry I I I x  

I I I x  

Cd 
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(Continued) 
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screening that is described in Section 1.3.3 will be used as a guide in determining the formulations to 
investigate. Up to 10 formulations will be examined with the precipitated material. 

The precipitation of the leachate experiments are preliminary phase tests to determine which type($ of 
precipitation reagents will be needed to remove the majority of the hazardous and radioactive metals 
from the leachate before the liquid is sent to the site-wide water purification system. The subsequent 
stabilization or vitrification of the leachate is also preliminary phase tests. They will be used to 
determine if the treatment of the precipitated material has a reasonable chance of success and to 

provide preliminary cost data for analysis of the total leaching alternative. MTCLP will be conducted 
to determine the RCRA metal leachability of the treated material. A PCT to measure durability will 
also be performed. If the leaching alternative is camed forward, a full TCLP should be conducted 
during the remedy design phase when the actual precipitating reagents and larger volumes are used. 

1 S.5 General Selection Criteria 
During these pre-ROD treatability studies, the most promising cement-based formulations will meet at 
a minimum the following standards: a UCS of approximately 500 pounds per square inch (psi), pass 
all of the TCLP leaching standard, and have a minimum volume increase after treatment. 

The third criteria will be a secondary requirement. For vitrification, the formulations should pass all 
of the TCLP leaching requirements, form a durable glass (as measured with the PCI'), and have 
minimum volume increase. In addition, the leaching data from cement-based and vitrification 
experiments will also be inspected from a risk assessment perspective as a key consideration in the 

selection of the most promising formulations. 

The best technology will be determined by comparison of multiple criteria during the detailed analysis. 
The detailed analysis of the alternatives phase of the RI/FS follows the development and screening of 
alternatives and precedes the actual selection of a remedy in the ROD. During the detailed analysis, 
all remedial alternatives are evaluated based on nine RI/FS evaluation criteria. These criteria are as 
follows: 

Overall protection of human health and the environment 
Compliance with AlURs 
Long-term effectiveness and permanence 
Reduction of toxicity, mobility, and volume through treatment 
Short-term effectiveness 
Implementability 
cost 
State acceptance 
Community acceptance 
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The relationship between the evaluation criteria and the data that will be generated during treatability 
studies was shown in Table 1-1. For example, the ability of a particular waste formulation or tech- 
nology (cement stabilization versus vitrification) to provide protection of human health and the 
environment would be determined by evaluating factors such as concentration of contaminants in the 
leachate, the durability of the waste form, its compressive strength as it relates to disposal and hand- 
ling, permeability, and intrinsic properties of the waste form (glass versus cement). 

Compliance with ARARs would be determined by whether the treated material meets compressive 
strength requirements for disposal, whether this leachate exceeds established discharge standards, and 
on factors relating to waste form. A full evaluation of the technology for compliance with ARARs 
will be performed in the FS. 

Treatability testing that relates to a technology’s long-term effectiveness and permanence includes its 
shear strength and durability for handling and disposal purposes, its solubility as measured by leacha- 
bility, and based on permeability, the extent to which it transmits water. The waste form itself (glass 
or cement) also influences long-term stability. A glass, for instance, would tend to be a more stable 
waste form if the glass is of good quality. 

The ability of a technology or formulation to reduce the toxicity, mobility, or volume will be measured 
by indicators such as bulking factor for volume reduction, leachate analysis for toxicity and mobility, 
permeability, and waste form for mobility reduction. 

Short-term effectiveness is impacted primarily by bulking factor, which is an indicator of the volume 
of treated waste that must be handled and disposed of by the specific technology chosen. The short- 
term impacts associated with implementing cement stabilization would be different from Vitrification 
because these technologies have significantly different requirements to construct, operate, and maintain 
during remediation. 

The implementability of a particular technology is influenced by the volume of waste to be handled as 
measured by bulking factor and by the waste form itself (glass versus cement). As with implementa- 
bility, cost is impacted by the technology selected and the volume of waste to be generated. Because 
cement stabilization and vitrification are radically different processes, each will require different 
equipment and facilities. 

The final two evaluation criteria, state and community acceptance, are influenced by the results of all 
the data and by the other seven criteria. 
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Additional information on the use of the evaluation criteria and treatability data in the FS process can 
be found in "Guidance for Conducting Remedial Investigations and Feasibility Studies Under 
CERCLA" (EPA 1988). 
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2.0 REMEDIAL TECHNOLOGY DESCRIPTION 1 

Several remediation technologies are being considered for Operable Unit 4. These alternatives have 
been described in detail in the DOE report, "Initial Screening of Alternatives for Operable Unit 4, Task 
12 Report, October 1990" (DOE 1990a). Originally, the alternatives for Operable Unit 4 were 0, 1, 2, 
3, 4, 5, 6, 7, 8, and 9. Alternatives 0, 1, and 2 considered both the K-65 silos (Silo 1 and 2) and the 
metal oxide silos (Silos 3 and 4); Alternatives 3, 4, and 5 considered only the metal oxide silo; and 
Alternatives 6, 7, 8, and 9 considered only the metal oxide silo. It was decided in the DOE report 
"Initial Screening of Alternatives for Operable Unit 4," (1990a) to divide the alternatives to completely 
separate the silos. Alternatives 0, 1,  and 2 were broken into parts, A (Silos 1 and 2) and B (Silo 3). 
The resulting alternatives for Silos 1 and 2 are OA, lA, 2A, 6, 7, 8, and 9; Alternatives for Silo 3 are 
OB, lB ,  2B, 3 , 4 ,  and 5. Because Silo 4 was never used, it was not included in the Silo 3 alternatives. 
All alternatives for Silos 1, 2, and 3 are discussed in Sections 2.1 and 2.2. 

> 

The stabilization technology considered in the following alternatives consists of making a concrete-like 
material out of the waste with the addition of cement, fly ash, and some other compounds. The 
leaching technology consists of dissolving the radioactive and hazardous components with a solvent, 
followed by precipitation and stabilization or vitrification of the metals in the leachate. Thc leaching 
procedure would greatly reduce the volume of material to be stabilized and disposed of as low-level 
radioactive waste. The reduction in volume of radioactive and hazardous waste material would greatly 
reduce the final disposal and transportation costs, which represents the major costs associated with all 
the viable remedial action alternatives. Solids remaining from the metals extraction would be 
classified as a solid waste under Ohio law and could then be disposed of in a sanitary landfill. 

2.1 SUMMARY OF ALTERNATIVES - SILOS 1 AND 2 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

Alternative OA - No Action 23 

24 

25 

26 

This alternative calls for no action and provides a baseline against which the other alternatives can be 
compared. It provides for the silos and its contents to remain unchanged without the implementation 
of any removal, treatment, containment, or mitigation technologies. It does however include the instal- 
lation of long-term monitoring equipment as well as the cost of the monitoring program. n 

Alternative 1A - Nonremoval. Silo 1 Isolation 

silos and utilizing them as permanent disposal facilities. An impermeable clay cap and slurry wall are 
among the technologies considered for this alternative. 

28 

29 

30 

31 

This nonremoval alternative for Silos 1 and 2 consists of enhancing the containment integrity of the 

0 99 
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Alternative 2A - Nonremoval. In Situ Stabilization, and CaD 
This nonremoval alternative for Silos 1 and 2 consists of in situ stabilization and capping. 
tional physical stabilization and vitrification were considered as options. In situ vitrification was, 
however, screened out as a process option due to concern about the difficulty of implementability. 
The capping and isolation technologies, with the exception of the slurry wall, are identical to those 

1 

2 

3 

4 

5 

described for Alternative 1A. 6 

Conven- 

Alternative 6 - Removal, Treatment. and On-Prowrtv Diswsal 
This alternative for Silos 1 and 2 calls for the removal and conventional stabilization or vitrification of the 
silo contents before on-property disposal in an engineered disposal facility. This alternative 
includes silo demolition and disposal of the debris. See Figure 2-1 for a flow diagram of Alternative 6. 

I 

8 

9 

10 

Alternative 7 - Removal, Treatment. and Off-Site Disposal 
This alternative for removal of the Silos 1 and 2 material is identical to Alternative 6 except that the 
material would be packaged for shipment to an approved off-site disposal facility. The flow diagram 

11 

12 

13 

14 for Alternative 7 is in Figure 2-2. 

Alternative 8 - Removal, Contaminant SeDaration. and On-Prowrty Dismsal 
This removal alternative for the Silos 1 and 2 material is similar to Alternative 6 but adds an 
additional step of contaminant separation to remove various radionuclides and metals before 
stabilization or vitrification and on-property disposal. This would result in significant volume 
reduction of material to be disposed of as radioactive waste. The waste materials will be subjected to 
acid and EDTA leaching processes to dissolve the radioactive and hazardous metals, including lead, 
uranium, thorium, and radium. This leaching process is based on data from Seely (1976). Mound 
Laboratories, Rawlings (1951), and NLO, Inc. and Battelle (1981). Lead, barium, copper, and other 
metals will also be dissolved in the extraction fluid. Following this leaching stage, the remaining 

IS 

16 

17 

18 

19 

2n 

21 

22 

23 

solids will enter a solidfliquid separation stage, and the leachate containing the radioactive and 
hazardous materials will be sent to a precipitation stage. This precipitation stage will add selected 
anions to yield a radioactive/hazardous precipitate to be vitrified or stabilized for disposal. 
successful leaching process, the raffinate residues remaining after the acid or EDTA leaching processes 
will be disposed of as a nonhazardous, nonradioactive solid waste. See Figure 2-3 for the flow 

24 

2s 

26 

21 

28 

diagram of this alternative. 29 

With the 

Alternative 9 - Removal, Contaminant SeDaration, and Off-Site Diswsal 
This alternative is identical to Alternative 8, except that the material would be packaged and shipped 
to an approved off-site disposal facility, and the nonhazardous portion is sent to a landfill or is used as 

30 

31 

32 

backfll on property. See Figure 2 4  for the flow diagram. 
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2.2 SUMMARY OF ALTERNATIVES - SILO 3 

Alternative OB - No Action 
The no-action alternative for Silo 3, as was the case for Silos 1 and 2, provides a baseline but no 
remedial action. Only installation of long-term monitoring equipment and the cost of the monitoring 
program are included. 

Alternative 1B - Nommoval. Silo Isolation 
This nommoval alternative for Silo 3 consists of enhancing the containment integrity of the silo and 
utilizing it as a permanent disposal facility. An impermeable clay cap and slurry wall are among the 
technologies considered for this alternative. 

Alternative 2B - Nommoval. In Situ Stabilization, and CaD 
This nommoval alternative for Silo 3 consists of in situ stabilization and capping. The capping and 
isolation technologies, with the exception of the slurry wall, are identical to those described in 
Alternative 1B. 

Alternative 3 - Removal and On-ProDertv Diswsal 
This alternative for Silo 3 calls for removal and conventional stabilization or vitrification before dis- 
posal in an engineered on-property disposal facility. This alternative includes silo demolition and dis- 
posal of the debris. The flow diagram for Alternative 3 for Silo 3 is identical to Alternative 6 for 
Silos 1 and 2 except that the feed for the process is from Silo 3. 

Alternative 4 - Removal of Metal Oxides and Off-Site Dimsal  
This alternative for Silo 3 is identical to Alternative 3, except that the material would be packaged for 
shipment to an approved off-site disposal facility. The flow diagram for Alternative 4 is analogous to 
that for Alternative 7. 

Altcmative 5 - Removal and ReDlacement in Rehabilitated Silos 
This alternative for Silo 3 provides for the removal of the metal oxides and their return to a rehabili- 
tated Silo 3 or Silo 4 reconstructed as a permanent disposal facility. This alternative was not carried 
through to detailed analysis because of its inadequate effectiveness and implementability. 

Three alternatives for the three silos are considered nonviable. These alternatives are the "No Action" 
alternatives OA (Silos 1 and 2) and OB (Silo 3), and Alternative 5, "Removal and Replacement in 
Rehabilitated Silo 3." 
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For Silos 1 and 2, the data from this treatability study will be used to help evaluate the stabilization 
Alternatives 2A, 6, and 7 and the leachinghtabilization Alternatives 8 and 9. The data will be used in 
the evaluation of the Silo 3 stabilization Alternatives 2B, 3, and 4 (see Figure 1-3). 

1 

2 

3 

As currently planned, vitrification studies for untreated silo material will be conducted separately. 4 
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3.0 TEST AND DATA QUALITY OBJECTIVES 

The purpose of this treatability study is to assess the performance of various stabilization/leachg 
technologies on the Operable Unit 4 wastes in support of the RVFS. To select a preferred alternative 
for the Operable Unit 4 RI/FS, a waste treatment technology must be screened, data for risk assess- 
ment studies and ARARs determination must be generated, and the foundation for the subsequent 
treatability studies must be set. In addition, the level of QA applied during experimentation and 
analysis must be established. 

This section will establish the performance objectives for the treatment technologies, the additional 
data desired for use in subsequent stages of the RWS, and the data quality objectives (DQOs). 

Concentration-based performance objectives and the resulting DQOs for the advanced phase of the 
treatability testing are driven by the remediation goals (RGs) established for the site. RGs are 
chemical-specific, medium-specific numerical concentration limits that should address all contaminants 
and all pathways found to be of concern during the baseline risk assessment process. The baseline 
risk assessment for Operable Unit 4 has not been completed, but PRGs based on chemical-media- 
specific concentrations have been developed using results of the RWS investigation presently 
available. These PRGs are based on a 
Table 3-1 for radiological constituents and Tables 3-2 and 3-3 for chemical constituents. 

risk level (as a point of departure) and are presented in 

Although these PRGs are used to provide preliminary goals for evaluating the effectiveness of the 
treatment technology, they are not intended to provide final action levels for contaminants in leachate, 
soils, or waste residues. Therefore, if the technology does not achieve individually specified levels, it 
should not be judged ineffective solely for that reason. The technology may later be determined to be 
the best available technology for treating the silo contents. 

Additional idormation has been provided in Tables 3-1, 3-2, and 3-3 to focus the data collection 
efforts and to providc some perspective on how the FEW PRGs compare with detection limits, 
background concentrations, toxic constituent regulatory limits (TCLP limits), and existing ARARs. 
These tables also contain a column titled "DLRL." These derived leachate reference level (DLRL) 
numbcrs were calculated using the same methodology used by the EPA to determine the regulatory 
levels of toxic constituents published in the March 29, 1990 Federal Register (55FR11796-I 1877). 
This methodology involved two phases. In the first phase, EPA determined each constituent's toxicity 
threshold. This was derived using either reference doses or MCLs for noncarcinogens and a 
lifetime risk of cancer for carcinogens. In the second phase, EPA calculated the toxic constituent (TC) 
regulatory limits by multiplying the toxicity threshold by a chemical-specific dilution/attenuation factor 
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TABLE 3-1 

COMPARISON OF ARARs, TBCs, PRELIMINARY REMEDIATION GOALS, DERIVED LEACHATE REFERENCE LEVELS, 
FEMP BACKGROUND CONCENTRATIONS, AND QUALITY ASSURANCE PROJECT PLAN DETECTION LIMITS FOR 

WATER AND SURFACE SOILS 



TABLE 3-1 

(Continued) 

NA - not available. 
'Based on doses from drinking water pathway. Calculated using 4 mrem/yr dose limit from DOE Order 5400.5 and assuming 730 L/year for 70 years. 
%sks of 1 x lo4 from the drinking water pathway using E A S T  methodology and assuming 730 L/year for 70 years. 
'Derived leachate reference level. Calculated using the same methodology as that used by EPA to determine regulatory levels found in 40cFR261 et al. 
(Federal Register Vol. 55, No. 61, 11796 - 11877. DLRL was calculated using a risk level of lo-' and a dilution attenuation factor of 100. 

dSite-specific RVFS data from the FEMP groundwater report. 
eBased on doses from inhalation of resuspended dust. Calculated using an inhalation rate of 7300 m3/year, a dust loading rate of 0.2 m@n3, and the 
40cFR61 dose limit of 10 mrem/year. 

'Risks of 1 x lo4 from the inhalation and soil ingestion pathways using HEAST methodology and assuming 51 100 m3 of air inhaled or 2660 g of soil 
ingested per lifetime. 
gAll fission products and transuranics are assumed to be zero. Ra-226, Th-232, and U-238 concentrations are from Myrick, T.E., et al., (1983). All 
daughter nuclides are assumed to be in equilibrium with their long-lived progenitors. Natural isotopic ratios are assumed for uranium. 

hCombined radium limit in community water systems 40CFR141.15 and 141.16. 
'40CFR192 combined limit for Ra-226 and Ra-228 in surface soil is 5 pCi/g. 

k40CFR61 fluence limit for radon is 20 pCi/m2-sec. 
Jhposed  MCL for Rn-226 in drinking water is 300 pCi/L (1 x lo4 risk). 

'Limit for total thorium in soil is 15 pCi/g (DOE 5400.5). 
"'20 mglL total uranium is the published preliminary maximum concentration. 
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TABLE 3-2 

COMPARISON OF PRELIMINARY REMEDIATION GOALS, FEMP BACKGROUND 

LIMITS FOR SOIL 
CONCENTRATIONS, AND CONTRACT LABORATORY-REQUIRED DETECTION 

NA - not available 

a PRG for a noncarcinogen in soil calculated from: Cleanup Level = (RFD * Body Weight) / (Intake * 
Absorption Factor); for an intake of 0.2 gram/day for a 16 kg child and an absorption factor of 1. 
Federal Register, 7/27/90, Vol. 55, No. 145, p. 30870. PRG for a carcinogen in soil calculated from: 
Cleanup Level = (Risk Level * Body Weight * Assumed Lifetime) / (CSF * Intake * Absorption Facto5 0 
* Exposure Duration); for a soil intake of 0.1 gram/day for a 70-kg adulflo-year lifetime exposure. 
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TABLE 3-2 

(Continued) 
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The risk level used was 
Lowest resulting soil concentration is reported as PRG. 

the absorption factor was 1, and the exposure duration was 70 years. 

Further site-specific data being developed. 

Contract Laboratory-Required Detection Limit (CLRDL). 

Toxicity data were inadequate for risk-based calculation. 
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TABLE 3-3 

COMPARISON OF ARARs, TBCs, PRELIMINARY REMEDIATION GOALS, DERIVED 
LEACHATE REFERENCE LEVELS, FEMP BACKGROUND CONCENTRATIONS, AND 

CONTRACT LABORATORY-REQUIRED DETECTION LIMITS FOR WATER 

Arsenic I 0.050 

Barium 1 2.000 

Beryllium I 0.001' 

~ Cadmium 10.005 

I 0.100 ' Chromium 

Lead 10.005 

Manganese I NA 

Mercury I 0.002 

Nickel I 0.1W 

Selenium I 0.050 

Thallium 0.001g 

Uranium 0.02og 

Vanadium NA 

Zinc NA 

3.50 x 

8.14 x 00.008 

1.75 x I 5 

1.75 x 10" 

2.45 x 

3.50 I 3500 

1.05 x lo-* 2 

7.00 x lo-' 100 

2.45 10 -~  1 

1.05 x lo-' 20 

50 h 

2.45 x lo-' 24.5 

7.00 7000 

NA I 0.01 

0.0795 

NA 0.005 

0.0057 I 0.005 

0.0177 I 0.01 

0.0102 0.025 

NA 0.005 

0.0482 0.015 

0.003 0.0002 

NA 0.004 

NA 0.005 

NA 0.01 

NA 0.02 

NA - not available 

aAFL4Rs are MCLs from 4OCFR161 and 162. 

bpRG for a noncarcinogen in water calculated from: Cleanup Level = (RFD * Body Weight) / Intake; for 
an intake of 2 L/day for a 70-kg adult. (HEAST). PRG for a carcinogen in water calculated from: 
Cleanup Level = (Risk Level * Body Weight) / (CSF * Intake); for a water intake of 2 L/day for a 70-kg 
adult and a risk level of (HEAST). Lowest resulting water concentration was reported as the PRG. 

'Derived leachate reference level. Calculated using the same methodology used by EPA to determine 
regulatory levels found in 40CFR261. The DLRL was calculated using a lo-' risk and a dilution 
attenuation factor of 100. (Federal Register Vol. 55, No. 61, 11796 - 11877). 
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TABLE 3-3 

(Continued) 

dFurther site-specific data being developed. 

eContract laboratory-required detection limit (CLRDL). 

f~roposed maximum contaminant level. 

gCurrent drinking water standard. 

9oxicity data were inadequate for risk-based calculation. 

5 3  
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2 4 '$1 

(DAF). This DAF accounted for the "reduction in the concentration of a constituent expected to occur 
during transport through groundwater from the bottom of a disposal unit to a drinking water source" 
(55FR11816). In the past, EPA has stated its intent to select DAFs for chemicals based on chemical- 
specific fate and transport modeling. If EPA-sanctioned fate and transport modeling results are not 
available, "the Agency believes that... a DAF with an order of magnitude precision is appropria te..." 
for the constituents listed in the March 29, 1990 rule (55FR11827). Thus, EPA used a DAF of 100 
when it promulgated those TC regulatory limits (55FR11826, Section III.E.4.d). 

This same approach was used to derive leachate reference levels for the FEMP treatability studies. 
First, threshold toxicity levels were determined for the constituents of concern in the material to be 
treated. For carcinogens at FEW, this threshold was assumed to be the concentration of a chemical 
that would result in a 
methodology set forth in the risk assessment work plan addendum and cancer slope factors in the EPA 
Health Effects Assessment Summary Tables (HEAST) were used to derive contamination concentra- 
tions in drinking water that correspond to a lifetime cancer incidence of 10'. This risk assessment 
methodology complies with current EPA guidance and the revised Consent Agreement (September 20, 
1991). For many noncarcinogenic chemicals of concern in these treatability studies, the toxicity 
threshold was assumed to be equal to the maximum contaminant level (MCL). This is intended to be 
consistent with the methodology used by EPA (55FR118 13). 

lifetime risk of cancer incidence from ingestion. Exposure assessment 

Next, it was necessary to select a DAF for each constituent of concern in the FEMP treatability 
studies. Ideally, the DAF for each constituent would be based on the results of EPA-reviewed site- 
specific fate and transport modeling. Unfortunately, EPA has not yet reviewed and accepted the 
results of past fate and transport modeling for these chemicals and radionuclides at FEMP. Therefore, 
for lack of a site-specific value, a DAF of 100 was selected for use in deriving leachate reference 
levels for the FEMP treatability studies. 

Once toxicity thresholds and DAFs were determined for each constituent of concern, DLRLs for 
FEW treatability studies were calculated using the following equation, which is based on EPA's 
published methodology: 

where: 

DLRL 
DAF = DilutiorVattenuation factor (unitless) 
Tr 

= Derived leachate reference level (pCi/L or m a )  

= Toxicityhhreshold for water (pCi/L or m f i )  
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3.1 PERFORMANCE OBJECTIVES AND DESIRED DATA - STABILIZATION OF UNTREATED 
MATERIAL 

Specific test objectives have been established so that the performance of the various stabilization 
mixtures can be evaluated in the areas of leachability, UCS, and final waste form volume. These 
performance objectives will be used to determine if a particular reagent mixture produces an accept- 
able waste form. The specific objectives of this treatability program are as follows: 

To develop a database of stabilization reagents and corresponding hazardous and radioac- 
tive materials leachability for stabilized waste forms 

To determine the cement stabilization reagents and relative quantities required to minimize 
leachate concentrations of radionuclides and Hazardous Substance List (HSL) constituents 
from the final waste form 

To determine the cement stabilization reagents and relative quantities required so that the 
final waste form achieves a UCS of approximately 500 psi 

To minimize the final volume of treated waste 

To estimate the volumes of treated waste that will be generated by each process 

To provide leaching characteristics for use in fate and transport modeling 

To develop preliminary reagent mixtures for use in later treatability studies 

To develop process parameters for use in later treatability studies: 

- For cement general stabilization: shear strength, waste form temperature rise with 
reagent addition, general description of waste before and after reagent addition, perme- 
ability of treated sample, percent water in the waste, pH and Eh of the leachate solutions, 
and evolution of gas during mixing or during curing process 

To provide chemical and radiological data as shown in Table 3-4 

To establish the proof of process and applicability of the selected stabilization technology 

To screen a large number of parameters and identify those that will be critical for later 
bench-scale studies 

To provide data for evaluation of Silos 1 and 2 alternatives: 

- 2A - Nonremoval, In Situ Stabilization. and Cap 
- 6 - Removal, Treatment, and On-Property Disposal 
- 7 - Removal, Treatment, and Off-Site Disposal 
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$ PRELIMINARY PHASE" 
E 
k! 
3 8 
2 

Arsenic (As) 
Barium (Ba) 
Cadmium (Cd) 
Chromium (Cr) 
Lead (Pb) 
Selenium (Se) 
Silver (Ag) 

TABLE3-4 

CHEMICAL AND RADIOLOGICAL INFORMATION TO BE ACQUIRED 

Uranium by IC 
Gross alpha 
Gross beta 

Physical parameters 
Bulking factor 
Temperature of oven 
Time of sample heating 

Aluminum (Al) 
Boron (s) 
Iron (Fe) 
Lithium (Li) 
Potassium (K) 
Sodium (Na) 

General chemistrv 
Chloride 
Nitrate 
Sulfate 

Uranium by IC 
Gross alpha 
Gross beta 

Arsenic (As) 
Barium (sa) 
Cadmium (Cd) 
Chromium (Cr) 
Lead (Pb) 
Selenium (Se) 
Silver (Ag) 

Uranium by IC 
Gross alpha 
Gross beta 

Physical parameters 
Bulking factor 
Temperature rise 
Unconfined compressive strength 
Shear strength 



'I'ABLE; 3-4 

(Continued) 
a 

2 
6 ADVANCED PHASE' 

TCLP Organic List' 

TCL Semivolatiles 
TCL PesticidesPCBs 

Five-Day Static Leach Test 

Metalsb 

Aluminum (Al) 
Antimony (Sb) 
Arsenic (As) 
Barium (Ba) 
Beryllium (Be) 
Boron (B) 
Calcium (Ca) 
Cadmium (Cd) 
Chromium (Cr) 
Cobalt (Co) 

Cyanide (CN) 
Lead (Pb) 
Lithium 

Copper (CUI 

Magnesium (Mg) 
Manganese (Mn) 

Molybdenum (Mo) 
Potassium (K) 
Nickel (Ni) 
Selenium (Se) 
Silicon (Si) 
Silver (Ag) 
Sodium (Na) 
Thallium (TI) 
Vanadium (V) 
zinc (zn) 

Mercury (Hg) 

Physical Parameters : 
Bulking factor 
Temperature rise (cement only) 
Shear strength (cement only) 
Unconfined compressive strength (cement only) 
Permeability (cement only) 
Temperature of oven (vitrification only) 
Time of sample heating (vitrification only) 

TT, and TCLP Inorgan 

Radionuclides 

Ra-total 
Th-total 
u-total 
Pb-2 10 
Ac-221 
Pa-23 1 

List 

General Chemistry 

alkalinity 
chloride 
reactivity 
fluoride 
ammonia 
nitrate 

phosphorus 
sulfate 

PH 

Wptional phase information to be acquired may consist of some of these analytes. 
bMetals will not be analyzed for if they are not found in the characterization study portions of the work plan (Section 6.0). 
TCLP organics will not be analyzed if the compounds are not found in the characterization study portion of the work plan (Section 6.0). 
bT'arget Compound List (TCL). 
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and Silo 3 alternatives: 

- 2B - Nonremoval, In Situ Stabilization, and Cap 
- 3 - Removal and On-Property Disposal 
- 4 - Removal and Off-Site Disposal 

3.2 DATA OUALITY OBJECTIVES - STABILIZATION OF UNTREATED MATERIAL 
The data quality needs are used to establish DQOs. The implementation of an appropriate QNQC 
program is required to ensure that data of known and documented quality are generated. The DQOs 
will define the level of QNQC for the treatability testing and analysis. 

DQO analytical levels are defined in EPA's "Guide for Conducting Treatability Studies Under 
CERCLA" (EPA 1989a). This guide states that the requisite analytical levels are dictated by the types 
and magnitudes of decisions to be made based on the data and the objective of the screening. A 
description of the analytical levels is presented in Table 3-5. A list of tests and associated DQOs for 
stabilization are listed in Table 3-6. In addition, the appendices that contain the descriptions of the 
procedures are listed. Standard Operating Procedures (SOPS) and nonstandard test methods are 
described in Appendices B and C, respectively. In Table 3-6, two different appendices are listed for 
bulking factor. If the untreated waste is a slurry, the bulking factor will be determined according to 
the SOP in Appendix B. If the untreated waste is a solid (not a slurry), the bulking factor will be 
calculated using densities in accordance with Appendix C. (See Table 1-2 for a list of procedures for 
each phase and stage of the project.) 

Composite samples will be used in the initial stage@) to minimize the total number of expcriments, 
cost, and waste generation. These experiments will aid in the resolution of general ranges of reagent 
formulations needed to stabilize and vitrify the waste and to elucidate on potential problems with 
different stabilization schemes. Experiments with strata samples will be conducted to determine the 
effects of waste material variability on the stabilization processes. See Section 4.0 for a detailed 
discussion of the experimental design and lists of desired data. 

3.3 PERFORMANCE OBJECTIVES AND DESIRED DATA - METAL EXTRACTION/ 
PRECIPITATION/STAB ILIZATION/VITRIFICATION 

Specific test objectives have been established so that the performance of various acids, precipitation 
agents, and stabilizing reagents can be evaluated. These performance objectives will be used to 
determine if metal extraction/precipitation/stabilization/vitrification merits further testing or consider- 
ation. The objcctives are as follows: 

To extract RCRA metals so that the insoluble residue will meet TCLP standards, Le., 
produce a nonhazardous residue as defined by RCRA 58 
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SUMMARY OF ANALYTICAL LEVELS 

I 
Type of analysis I Field screening or analysis with portable instruments. 

Limitations Usually not compound-specific, but results are available in real time. Not 
quantifiable. 

Data Quality 1 Can provide an indication of contamination presence. Few QNQC requirements. 
I 

Level IT 
I 

Type of analysis Field analysis with more sophisticated portable instruments or mobile laboratory. 
Organics by GC; inorganics by AA, ICP, or XRF. 

Limitations Detection limits vary from low parts per million to low parts pkr billion. Tentative 
identification of compounds. Techniques/iistruments limited mostly to volatile 
organics and metals. 

Data quality Depends on QNQC steps employed. Data typically reported in conccntration 
ranges. 

I 

Level III 
I 

Type of analysis Organicsfinorganics performed in an off-site analytical laboratory. May or may not 
use CLP procedures. Laboratory may or may not be a CLP laboratory. 

Limitations I Tentative compound identification in some cases. 

Data quality I Detection limits similar to CLP. Rigorous QNQC. 
I 

Level IV 
1 

Type of analysis Hazardous Substances List (HSL) organics/inorganics by GCFIS, AA, ICP. Low 
parts per billion detection limits. CLP analysis. 

Limitations Tentative identification of non-HSL parameters. Validation of laboratory results r- may take several weeks. 
~ 

Data quality I Goal is data of known quality. Rigorous QNQC. 
I 

Level V 
I 

Type of analysis I Analysis by nonstandard methods. 

Limitations May require method development or modification. Method-specific detection 
limits. Will probably require special lead time. 

Data quality Method-specific 

Source: EPA, "Guide for Conducting Treatability Studies under CERCLA, "December 1989a. 59 

FERDU44m<.361-3E/l2-M-9 1 



TABLE 3-6 

STABILIZATION TEST DQOS 

Bulking Factor B o r C  Minimize waste volume increase. V 
To estimate the volume of waste that will be generated. 

Modified Toxicity Characteristic 
Leaching Procedure (MTCLP) 

C During the screening phases, to determine the relative leachability of V 
hazardous and radiological constituents associated with the various 
stabilization reagent formulations. 

Waste Form Temperature Rise C I I Preliminary process parameters 

Shear Strength C Preliminary process parameters I I 

Unconfined Compressive Strength 
(UCS) 

B To determine the UCS associated with each of the reagent I1 
formulations 

pH, Eh 
~ ~~ 

C Preliminary process parameter I 



TABLE 3-6 

(Continued) 

I 11 Bulking Factor V I Minimize waste volume increase. To estimate the volume of waste 
that will be generated. 

ucs B To determine the UCS associated with each of the stabilization 
reagent formulations. 

I11 

Full TCLP See QAPP To determine leachability of each of the stabilization reagent 
formulations. To provide data for the FS risk assessment calcula- 
tions. 

IV 

5-Day Static Leach Test 

I C 

C To provide data for the FS risk assessment calculations V I 

I Preliminary process parameter I I 

Permeability C To provide data for the FS risk assessment calculations I11 I 
Waste Form Temperature Rise I I C To provide preliminary process parameters 

Shear Strength C To provide preliminary process parameters I I 



'I'ASLE 3-6 

Radon Leaching 

(Continued) 
z 

~~~ 

I V C Estimate effectiveness of treatment in reducing radon leaching 

I I V Radon Emanation C I Estimate effectiveness of treatment in reducing radon emissions 

w e m  C Estimate effectiveness of treatment in reducing failure due to wevdry I11 
cycles 

II I I ~~~ 

I 

FreezeRhaw C Estimate effectiveness of treatment in reducing failure due to I11 
freeze/thaw cycles 

Tests from the preliminary and advanced phases may be used during the optional phase. 
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To reduce the level of radioactive components in the insoluble residue and achieve PRGs 
where possible 

To determine the leaching time required 

To determine the effect of different waste-to-leach solution ratios on the extractions 

To determine the reagents and conditions necessary to precipitate the metals in the leachate 
solution 

To determine the cement stabilization reagents and relative quantities required so that the 
final waste form achieves a UCS of approximately 500 psi 

To determine the leachability of all radionuclides and HSL constituents from thc final 
waste form 

To determine the cement stabilization reagents and relative quantities required to minimize 
leachate concentrations of radionuclides and HSL constituents from the final waste form 

To minimize the final volume of treated waste 

To estimate the volumes of wastes that will be generated by each process 

To provide preliminary cost and design data for the FU/FS 

To provide leaching characteristics for use in fate and transport modeling 

To develop preliminary reagent mixture and process parameter data for use in the bench- 
and pilot-scale studies as follows: 

- For cement stabilization: shear strength, waste form temperature rise with reagent 
addition, general description of waste before and after reagent addition, permeability of 
treated sample, percent water in the waste, pH and Eh of leachate solutions, and 
indications of gas evolution during mixing and curing 

- For vitrification: percent water in the waste and types and percent additives required 

To provide data for the evaluation of Alternative 8 - Removal, Contaminant Separation, 
and On-Property Disposal and Alternative 9 - Removal, Contaminant Separation, and Off- 
Site Disposal 

3.4 DOOS - METAL EXTR.ACI'IONPRECIPITATION/STABILIZATION/VITRIFICATION 
A list of tests, locations of procedure descriptions, and associated DQOs for metal extrac- 
tion/precipitation/stabilization/vitrification are in Table 3-7. See Table 1-3 for a list of procedures for 
each phase and stage of the project. All screening will be done using composite samples. Inductively 
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TABLE 3-7 

METALS EXTRACTIONS TEST DQOs 

Bulking Factor B or C Minimize waste volume increase during stabilization and vitrification. V 
Estimate the volume of waste that will be generated. 

11 Waste Form Temperature Rise I C 

Modified Toxicity Characteristic C 
Leaching Procedure (MTCLP) 

I Preliminary Process Parameters (Cement Stabilization) 

During the screening phases, to determine the relative leachability of V 
hazardous and radiological constituents associated with the various 
stabilization and vitrification reagent formulations. 

Shear Strength C Preliminary Process Parameters (Cement Stabilization) I 

PCT C To determine the durability of the glass formulations. To provide data on V 
the relative leachability of radionuclides and glass components with the 
various reagent formulations. 

Unconfined Compressive B 
Strength (UCS) 

To determine the unconfined compressive strength associated with each of I1 
the reagent formulations. 

Uranium By IC and Lead By 
ICP or AA 

C and 
SW-846 

To quantitatively compare the effectiveness of various solvents and X 
reagents during leaching and precipitation experiments. 

C Preliminary process parameter I 



1 
See QApP 

TABLE 3-7 

To quantify the residual radionuclide concentrations in the insoluble IV 
residue resulting from tests with the most effective solvents. This will be 
used to grade solvents pass/fail. 

(Continued) 

TCLP 

I I I I 

See QApP To determine if the insoluble residue resulting from tests with the most IV 
effective solvents can be classified as non-RCRA material. This will be 
used to grade solvents pass/fail. 

To determine the effect temperature has on the rate of dissolution of the 

Uranium by IC and C and 
SW-846 Lead by ICP or AA 

Radiological 

To quantitatively compare the effectiveness of various solvents and I1 
reagents during leaching and precipitation experiments. 

Temperature C I To determine the effect temperature has on the rate of dissolution of the I I11 
II I I metals I 



TABLE 3-7 

Wet/Dry 

(Con tinued) 

C Estimate effectiveness of treatment in reducing failure due to wet/dry I11 
cycles 

Radon Emanation I C I Estimate effectiveness of treatment in reducing radon emissions 

Freezemaw C Estimate effectiveness of treatment in reducing failure due to freeze/thaw 
cycles 

Radon Leaching I C I Estimate effectiveness of treatment in reducing radon leaching I v  

I11 

Tests from the preliminary and advanced phases may be used during the optional phase. 



RI/FS Treatability Work Plan 
January 2,1992 
Vol. WP-Section 3.0 
Page 21 of 21 

2 4 7 1 

coupled plasma (ICP), atomic absorption (AA), and ion chromatography (IC) analysis tests for lead 1 

2 and uranium in the leachate will be used to Screen out the least effective solvents. 

The leaching tests will include analyses of the insoluble residue remaining after the metals have been 
extracted. These tests include TCLP for RCRA metals, organics, and radiological analysis for 
uranium, radium, thorium, polonium, radon, and lead. These tests will identify the most effective 
solvents. 

If the leaching process is successful (Le., the insoluble residue from the leaching has favorable TCLP 
and risk-based radiological test results), the leachate from the successful runs will be used in the 
precipitation screening. Various precipitation reagents will be used to precipitate metals from the 
leachate. The relative effectiveness of the various reagents will be determined. The precipitated 
material from the most effective precipitation reagents will be subjected to stabilization tern and 
vitrification experiments. See Section 4.0 for a detailed discussion of the experimental design and lists 
of desired data. 
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4.0 EXPERIMENTAL DESIGN AND PROCEDURES 

4.1 STABILIZATION OF UNTREATED MATERIAL 

4.1.1 Preliminary Phase 
In the preliminary phase, the main effects of various stabilization reagents (i.e.* portland cement Type 11, 
Type F fly ash, sodium silicate, attapulgite, clinoptilolite, and water) will be tested. Composite samples 
from the 1990 archive and 1990-91 silo sampling programs will be tested. The data produced will be used 
to better define the scope of the advanced phase. A stabilization flow sheet is given in Figure 4-1. The 
preliminary phase data will also help to define the best reagents to stabilize the metals and radioactive 
materials precipitated from the leaching processes (Alternatives 8 and 9). 

The preliminary phase consists of up to three separate stages, Stage 1, Stage 2, and Stage 3. The 
experimental matrices for Stages 1 and 2 are found in Table 4-1. The formulations for Stage 3, if 
required, will be developed after analyzing the results from the initial screening test. 

There are two sets of tests in Table 4-1: a statistically based screening test matrix (Group I) and two 
single variable matrices (Groups I1 and III). 

In the statistical screening matrix, composite samples will be treated with a combination portland Type 
I1 cement, PQ Corporation Type N sodium silicate, and Type F commercial fly ash uable 4-1, Group I). 
The stabilization matrix is based on the extreme vertices design for mixtures that have constraints on the 
values of each factor (McClean and Anderson 1966; Diamond 1981). Because this is a screening study, 
all two-dimensional face centroids have been omitted from the study. 

The statistical experiments will be used to produce mathematical models to predict results and, if 
necessary, to design more comprehensive experimental matrices. The single variable matrices will be used 
to demonstrate the effects of changing the source of fly ash and the amount and type of adsorbents. 

In the Group I1 experiments, site fly ash is substituted for a commercial fly ash. The substitution of site 
fly ash will allow the stabilization of contaminated material from two operable units at the same time. 

Group I11 experiments are comparisons to Experiment 9 of Group I. The level and type of the adsorbents 
(attapulgite and clinoptilolite) are changed. This may affect the leachability of the heavy metals and 
radionuclides in the treated samples. 
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Shear Strength 
&TempRise 

Chemical Characterization 
of Samples 

4 
Preliminary Phase - Stage 1 

Composite Samples 

. 

Add Reagent To Group I 8, I I  
Matrlx Formulations 

I 

Bulking Factor ucs - 

Y - + , , , F Y F F H T ]  
Determination ifmecessa Temperature Rise 

Shear Strength 
& Temp Rise 

1990-91 Composite Samples - Silos 1 & 2  
1989 Composite Samples - Silo 3 

Revised Matrb - Groups I ,  I I ,  
Add Reagent To 

Bulking Factor Modified pH of MTCLP 
* Determination * TCLP Leachate 

ucs - 

Preliminary Phase - Stage 3 
1990-91 Composite Samples - Silos 1 & 2 

1989 Composite Samples - Silo 3 
J 

Advanced Phase - 20% Duplicate Test 
1990-91 Strata Samples - Silos 1 & 2 

1989 Composite Samples - Silo 3 

Add Bentonite I 

i _ _ _ _  ‘ Radon I + _ _ _ -  L Radon _ _ _ _ _  Wet/Dry i--------; FreeZenhaw 7 Emanation I I Leaching I I 69 
FIGURE 4-1. STABILIZATION FLOWSHEET 
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TABLE 4-1 

STABILIZATION MATRICES 

II 2 I 100 1 68 I 68 I 7 I 6 I 1 1 - 7 1  

II 3 I 100 I 51 I 31 I 0 I 6 I 0 - 35 
II 4 I 100 I 54 I 33 I 7 I 6 I 0 - 38 

II 5 I 100 I 31 I 51 I 0 I 6 I 0 - 35 
II 6 I 100 I 33 I 54 I 7 I 6 I 0 - 38 
II 7 I 100 I 26 I 26 I 0 I 6 I 0 -  15 

II 8 I 100 I 27 I 27 I 7 I 6 I 0 -  16 

II 9 I 100 I 43 I 43 I 4 I 6 I 0 - 37 



a12A and 12C: Add 12 grams of attapulgite and clinoptilolite, respectively. 
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4.1.1.1 Preliminarv Phase - Stage 1 1 

Preliminary Phase - Stage 1 is a range-finding set of experiments. Samples from the 1990 archive for 
Silos 1 and 2 will be treated according to the Group I and I1 matrices in Table 4-1. The shear strength 
and waste form temperature rise will be measured within 10 minutes of mixing waste and reagents. The 
UCS will be measured on Day 28. The MTCLP will be measured on the treated sample. 

of the investigator, formulations that have UCS values much greater than 500 psi may be eliminated. 

2 

3 

4 

S 

6 

7 

The treated 
waste will need to achieve a UCS value at least 300 psi to be considered for Stage 2. At the discretion 

In addition, the following observations, measurements, or tests will be performed: bulking factor, general 
description of waste before and after reagent addition, percent water in waste, pH of stabilized waste 
analytical leachate solutions, and indication if there is gas evolution during mixing or during the curing 

8 

9 

10 

process. 1 1  

A TCLP analysis of blanks consisting of each reagent and reagent reacted with sand or quartz will be 12 

conducted. 13 

4.1.1.2 Preliminarv Phase - Stape 2 14 

1s 

16 

17 

After completion of the Stage 1 tests, separate composited samples from Silos 1 and 2 from the 1990-91 
sampling period and from Silo 3 from the 1989 sampling period will be treated according to the 
stabilization matrix (Table 4-1). This series of tests will include Groups I through I11 of Table 4-1. 

The shear strength and waste form temperature rise will be measured within 10 minutes of mixing the 

samples. In addition, the following observations, measurements, or tests will be performed: bulking 20 

18 

19 waste and reagents. The UCS will be measured on Day 28. MTCLP for metals will also be run on the 

factor, general description of waste before and after reagent addition, percent water in waste, pH of 
stabilized waste analytical leachate solutions, and indication if there is gas evolution during mixing or 

21 

22 

during the curing process. 23 

Approximately 50- to 100-gram samples will be used in these tests. The matrices listed in Table 4-1 may 24 

be revised depending on the results of Stage 1. 25 

The screening studies on the three composite samples will entail up to 39 experiments (3 composite 

elimination of specific reagents and conditions from the treatment studies of other composite samples. 

26 

samples x 13 runs). Insight gained from completed studies on the composite samples may allow the 27 

28 

29 In this case, the total number of experiments with the composite samples may be reduced. Also, the 
ranges of the reagents in the matrices may be changed as more is learned about the samples and when 
experiments are completed. It is expected that 20 to 30 percent of the samples (4 to 8 samples) will meet 
the 500 psi compressive strength goal, which is the UCS goal for all remaining stages. 

30 
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4.1.1.3 Preliminary Phase - Stage 3 
The most promising formulations from Stages 1 and 2 are those with a high UCS (approximately 500 psi), 
low leachability for hazardous and radioactive constituents, minimum volume increase of the resultant 
waste, and low cost of reagents. 

If the initial screening tests provide sufficient data to define ideal conditions, then further testing with 
other reagent mixtures may not be necessary. The results may indicate that a reagent combination(s) is 
promising, but more data are required to evaluate its performance. If this is the case, additional tests will 
be designed to gather these data. The mathematical models develo$d in Stages 1 and 2 will be used to 
aid in the development of these experiments. 

The shear strength and waste form temperature rise will be measured within 10 minutes of mixing the 
waste and reagents. The UCS will be measured on Day 28. MTCLP for metals will also be run on the 
samples. In addition, the following observations, measurements, or tests will be performed: bulking 
factor, general description of waste before and after reagent addition, percent water in waste, pH of 
stabilized waste analytical leachate solutions, and indication if there is gas evolution during mixing or 
during the curing process. 

The number of experiments may range from zero to five formulations per composite sample. 

4.1.2 Advanced Phase - Silos 1 and 2 
Before any formulation can be accepted for the Advanced Phase, it must pass through two tiers of decision 
making. The treated waste should achieve a UCS value of approximately 500 psi and meet TCLP 
standards. The second tier of decision will be applied to those samples that pass the first tier. The 
professional judgment of the investigator will be used to determine a reasonable compromise between 
leaching and minimization of the bulking factor and reagent loadings. Formulations that provide this 
reasonable compromise will be considered for the Advanced Phase. 

The most promising two formulations from the composite sample study will be tested on the top, middle, 
and bottom strata (Zones A. B, C) of the Silos 1 and 2 (six strata samples) to determine the effect of the 
variability of the samples’ composition on the objective functions. Twenty percent of the samples will 
be set and tested in duplicate. The UCS will be determined by laboratory SOP. TCLP, 5-day static leach 
test, and permeability will be performed on the samples. The bulking factor of the stabilized material will 
be measured. In addition, the following observations, measurements, or tests will be performed: general 
description of waste before and after reagent addition, permeability of treated sample, percent water in 
waste, pH of stabilized waste analytical leachate solutions, and indication if there is gas evolution during 
mixing or during the curing process. 
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Bentonite will be added to Silos 1 and 2 as part of a removal action to act as a sealant to stop or reduce 
radon emissions from the silos. Therefore, the stabilization tests on the top stratum of both Silos 1 and 
2 will use 20/80 weight percent bentonite/silo material as the feed instead of silo material only. A 1 0 m  
weight percent bentonite/silo material will be used for tests on the middle stratum. The 20180 and 1 0 N  
weight percentages were chosen arbitrarily to identify any potential problems or effects that might be 
caused by the presence of the bentonite. It is very unlikely that the layer of bentonite will be mixed in 
with the entire 20 plus feet of silo wastes before processing. Most of the bentonite would be expected 
to be removed with the top half of the silo waste. 

4.1.3 Advanced Phase - Silo 3 
Composite samples will be used instead of individual strata samples. The most promising two formula- 
tions for Silo 3 will be repeated. Twenty percent of the samples will be set in duplicate. The UCS will 
be determined by laboratory SOP. TCLP, 5-day static leach test, and permeability will be performed on 
the samples. The bulking factor of the stabilized material with the appropriate UCS will be measured. 
In addition, the following observations, measurements, or tests will be performed: general description of 
waste before and after reagent addition, permeability of treated sample, percent water in waste, pH of 
stabilized waste analytical leachate solutions, and indication if there is gas evolution during mixing or 
during the curing process. 

4.1.4 Advanced ExDeriments - ODtional 
It is possible that some waste forms that appear to be promising will fail TCLP or exhibit other traits 
casting doubt on the formulations. If this occurs, optional experiments might be designed. Waste forms 
from optional tests would, as a minimum, be subjected to appropriate tests used in Stages 1 and 2 of the 
advanced experiments. The treated sample from the 5-day static test may be inspected for physical 
degradation after 90 days of leaching. The leachate may be analyzed as during the advanced phase. The 
treated waste forms will be subjected to durability tests (ASTM D4842 and ASTM D4843), radon 
emissions, tests, and radon leaching tests. 

4.1.5 Procedure 
The procedures are described in Appendices B and C and are listed below: 

Appendix B 

0 Laboratory Notebook Recording Procedures 
0 Analytical Logbook Recording Procedure 
0 Standard Laboratory Sieves: Specification, Calibration, and Maintenance 

Bulking Factor Measurement 
0 Calibration of Thermometers 
0 Unconfined Compressive Strength 
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Appendix C 

Nuclear Waste Glass product Consistency Test - Version 3.0 (U) 
Bulking Factor Procedure for Nonsludge Type Waste 
5-Day Static Leach Test Procedure 
Modified TCLP Leach Test Procedure 
Waste! and Reagent Mixing Procedure 
Waste Form Temperature Rise Generic Procedure 
permeability 
Generic pH and Eh produce 
Proposed Measurement of Radon Emissions from Stabilized Waste 
Shear Strength 
Metal Extractions 
Precipitation 
Vitrification of Leachate 
Generic Uranium by Ion Chromatography 
Proposed Measurement of Radon Leaching in Water 
Standard Test Method for Wetting and Drying Test of Solid Wastes 
Standard Test Method for Determining the Resistance of Solid Wastes to Freezing and 
Thawing 
Standard Practice for Mechanical Mixing of Hydraulic Cement Pastes and Mortars of 
Plastic Consistency 
Standard Test Method for Laboratory Determination of Water (Moisture) Content of Soil, 
Rock, and Soil-Aggregate Mixtures. 

4.1.6 Data Rewired 
The following data will be recorded during cement stabilization preliminary and advanced phases: 

0 UCS measured by a laboratory SOP (SOP No. TCL 1109, Appendix B) 

0 Permeability (for advanced phase) 

0 MTCLP (for preliminary phase), or TCLP and 5-day static leach test (for advanced phase) 

e Bulking factor 

0 Waste form temperature rise after waste and reagents are mixed, and the time between 
mixing and temperature measurements 

Approximate shear strength measured within 10 minutes of when waste and reagents are 
mixed 

0 Physical characteristics: percent moisture, bulk density 

0 Amount of water added to each waste form 

0 The maximum particle size treated; weight and percentage of material sieved from the raw 
waste before treatment 
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General description of the waste form before and after reagents are mixed. This includes 
a description of any grinding of the sample to meet particle size requirements for UCS 
and if the sample was difficult to mix with the reagents 

Description of vapor or gas released during mixing and during curing of mixture 

Physical appearance of mold after %-day soak in deionized water in optional phase 

pH and Eh of the reagent waste mixture before adding mixture to molds 

pH of MTCLP and TCLP extraction fluids, pH of TCLP extraction fluid determination 
test 

pH of Sday static leach solution 

pH of Wday leach solution in optional phase 

pH and Eh of slightly wet water waste mixture 

TCLP results for reagents 

TCLP metals results for reagents combined with clean sand or quam 

Radon emanation test results (optional phase) 

Radon leaching test results (optional phase) 

Wet/Dry testing and freeze/thaw test results (optional phase). 

4.2 METAL EXTRACTIONS 

4.2.1 LeachinR 1 

The objective is to determine the effectiveness of various acid/EDTA leaching solutions in removing lead, 
uranium, thorium, and radium from the material in Silos 1 and 2. ("he leaching treatability plan is 
graphically demonstrated in Figure 4-2.) The preliminary phase consists of up to three sets of tests: Stage 
1, Stage 2, and Stage 3. In the Stage 1 and 2 tests, the leachates resulting from the application of the 
various acid and EDTA solutions to the samples will be analyzed for lead and uranium. Uranium and lead 
are selected as the target compounds in this study because they are present in greater concentrations than 
thorium or radium. The removal of thorium, uranium, lead, polonium, and radium will be demonstrated 
in the advanced phase. A typical detailed leaching screening plan is shown in Figure 4-3. 
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4.2.1.1 Leaching - Preliminam Phase - Stage 1 
1990 archive samples will be investigated during this stage. The acid and EDTA leaching experiments 
are listed in Tables 4-2 and 4-3, respectively. Selected experiments from Table 4-2 will be conducted first 
to determine which acids have promise and the effects of temperature and acid concentration on the metal 
solubilities. In these' initial tests, the effect of temperature is measured with the concentrated acids by 
testing them at ambient and 80°C. The effect of acid concentrations is being measured by testing 
concentrated acid and dilute acid at elevated temperatures. For each acid, this entails three test points; 
that is, Run Nos. 1, 2, 6, 7, 8, 12, 13, 14, and 18 in Table 4-2 will be conducted first. 

Hydrogen peroxide, chlorine bleach (NaOCl), and femc chloride will be added if it is apparent that 
uranium is not extracting from the solid. Hydrogen peroxide and bleach are added to oxidize lower 
valence uranium species to more soluble uranium (VI) species. Femc chloride is a catalyst for this 

9 

IO 

1 1  

oxidation reaction. 12 

During this stage, a matrix of experiments is being conducted to determine trends of solubilities. If it is 
apparent from the analytical results that a particular acid is not successfully leaching the metals, the acid 

13 

14 

IS 

extracts more uranium and lead than another leachant, then it is considered promising. The promising 16 

leachant may be investigated further to better define the effect of acid concentrations and temperature on 17 

the solubilities. 18 

will be eliminated from further testing. If the analytical results indicate that a particular leachant(s) 

The appropriate omitted experiments from Table 4-2 may be conducted if the results indicate that they are 19 

20 

21 

warranted. Also, if the extraction pmcedures listed in Table 4-2 are effective, then the EDTA extraction 
procedures (Table 4-3) will be omitted. 

4.2.1.2 Leaching - Preliminarv Phase - Stage 2 22 

Bentonite will be added to the samples (20 percent by weight) before testing. Run numbers from Tables 24 

After completion of the Stage 1 tests, composite samples from the 1990-91 sampling effort will be tested. 23 

4-2 and 4-3 will be selected based on the Stage 1 results. 25 

4.2.1.3 Leaching - Advanced Phase 
The objective of the advanced phase is to demonstrate on larger samples that the leached material is a 
nonhazardous material as defined by RCRA and that uranium, lead, thorium, polonium, and radium were 
successfully leached from the solid. The 5 to 10 treatments from the preliminary phase tests that yield 
leachates with the greatest concentrations of lead and uranium will be repeated on a larger scale 
(presumably 100 to 500 grams). Composite samples with bentonite added will be used. The solid 
material will be filtered and washed three times with deionized water to remove the soluble compounds. 
The leachate and wash water will be analyzed for lead and uranium. The solid material from these latter 
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TABLE 4-2 

ACID EXTRACTIONS 

This test program will comprise 108 discrete samples (2 silos X 18 acids X 3 treatments). 

'Nitric acid. 
bHydmchloric acid. 
'Acetic acid. 

8% 
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0.2M X X X 

0.2M X X X 

TABLE 4-3 

EDTA EXTRACTIONS 

82 
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experiments will be analyzed at the IT Analytical Services (lTAS)-Oak Ridge Laboratory. The analyses 
will include TCLP analysis to establish that the extracted materials are nonhazardous as defined by RCRA. 
In addition, lead, thorium, radium, polonium, and uranium content will be determined by radiation 
analyses. In the optional, stage radon emission and radon leach tests will be performed on the insoluble 
residue if the combined Fb-226 and Ra-228 levels in the treated residue are below the 40CFR192.12(a)(2) 
limit of 15 pCi/g. The 15 pO/g limit was selected because the waste will ultimately be buried. Archive 
samples will be used for these experiments. 

To evaluate Alternatives 8 and 9, the removal effectiveness of the leaching step is the most important step. 
The results will provide a rough guide by which the viability of remedial action Alternatives 8 and 9 can 
be preliminarily evaluated. 

4.2.2 Vitrification of Leachate - Preliminarv Phase - Stage 1 
This laboratory screening will consist of one phase - preliminary phase - Stage 1. The effects of adding 
sodium hydroxide, site fly ash, and site soil will be demonstrated. Except for tests on the dried leachate, 
no experiments will be conducted until the chemical characterization of the leachate, soil, and fly ash are 
completed. As a target, the reagent waste mixture will have between 40 to 60 percent combined SiO, and 
Al,O, content and 10 to 20 percent sodium oxide content when dried. It is expected that this range of 
SO, and A1203 content will produce a durable glass. The melting point of the glass mixture can be 
lowered by increasing the sodium oxide content of the glass. Sodium hydroxide may be added to the 
mixture before heating to increase the sodium oxide content of the vitrified waste (sodium hydroxide is 
converted to sodium oxide during the vitrification process). Enough sodium hydroxide will be added to 
cause the mixture to melt at 125VC in a muffle furnace. This temperature was chosen to give a 
,reasonable compromise between the cost of adding sodium oxide content to lower the melting point, the 
expected increase in leachability as the melting point of mixture is lowered, and the energy cost to melt 
and form the vitrified material. It is generally recognized in the glass manufacturing industxy by 
companies such as Coming that to form homogenous and durable glass mixture with hazardous waste. 
melt temperatures between 12500 and 135VC are needed. If this process is carried forward to the remedy 
design phase, the effect of melt temperature may be investigated. 

Figure 4-4 presents a flow sheet for the vitrification process. The leachate will be analyzed on a dry basis 
for the content of total aluminum as alumina, silicon as silica, and sodium as sodium oxide. The leachate 
will be slowly dried in a beaker on a hot plate. Using the chemical analyses of the leachate, fly ash, and 
soil as guide, a series of range-finding experiments will be performed. Various amounts of sodium 
hydroxide will be added to mixtures of waste, fly ash, and soil to determine the sodium hydroxide 
concentration needed to lower the melting point temperature to about 125VC. These range- finding 
experiments will be followed by an experimental matrix similar to Table 4-4. The ranges given in Table 
4-4 may be changed after completion of the range-finding experiments and consideration of the chemical 

83 
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TABLE 4-4 

0 0 0 

0 100 0 

0 0 100 

10 100 0 

10 0 100 

20 100 0 

20 0 100 

VITRIFICATION EXPERIMENT MATRIX 

Toncentration as a percentage of final mixture. on a dry basis. 
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analysis of the leachate, soil, and fly ash. In the optional stage, radon emission and radon leach tests will 
be performed on the vitrified material. Archive samples will be used for these experiments. 

According to Table 4 4 ,  sodium hydroxide will be added at three levels: 0 percent, 10 percent, and 20 
percent of the dry weight of the waste. The site fly ash and soil will be added at 100 percent of the dry 
weight of the waste. 

For each of the experiments that are not range-finding experiments, the bulking factor will be recorded. 
MTCLP and PCT leaching tests will be performed. Radon emission tests will be conducted. 

4.2.3 Leaching Time and TemDerature - Preliminarv Phase - Stage 1 
This set of experiments will use the most promising formulation from Section 4.2.1.3. Initial range- 
finding experiments will be conducted to determine the maximum time the samples will be extracted in 
the later statistical experiments. The samples will be extracted at 8OOC for 7 and 24 hours. Uranium will 
be analyzed by IC. Lead will be checked with the ICP. If the concentrations of uranium and lead in the 
leachate are similar for the two experiments, the seven-hour extraction times will be used as the maximum 
extraction time in the statistical study. Otherwise, the maximum time will be 24 hours. The range-finding 
experimental matrix is in Table 4-5A. 

The proposed statistical matrix is in Table 4-5B. Experiment Numbers 1 through 5, in Table 4-5B, are 
constructed in a two by two factorial experimental design matrix with a center point. The minimum 
temperature and time of extraction are 25OC and one hour. The maximum temperature and time of 
extraction are 8OOC and seven hours. The proposed maximum time of extraction may be increased as a 
result of the range-finding experiments. 

Ten- to twenty-gram composite samples with 20 percent bentonite will be used in these expcriments. A 
mathematical model will be derived from these experiments. An experiment at the optimum conditions 
predicted from the mathematical model will be completed. 

4.2.4 Washing Studies - Preliminarv Phase - Stage 1 
Washing studies of the leached solid will be executed using washing data from Section 4.2.1 as a guide. 
Fifty grams of sample will be extracted for these tests. The filter cake will be washed 10 times with 
deionized water in a buchner funnel. The volume of each wash will be half the volume of the leachate 
solution. The uranium and lead content in each wash liquor will be tested by IC and ICP, respectively. 
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TABLE 4-SA 

RANGE-FINDING LEACHING TIME MATRIX 

2 100 24 
d 

, 

TABLE 4-SB 

LEACHING TIME AND TEMPERATURE MATRIX 

ll 2 25 7 II 
II 3 100 1 II 
II 4 100 7 II 
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4.2.5 PreciDitation of Metals in the Leachate Solutions 

4.2.5.1 PreciDitation of Metals in the Leachate Solutions - Preliminary Phase - Stage 1 

Acid Extractions Solution 
Precipitation reagents will be added to aliquots (3 to 5 cc) of the leachate solutions from Section 4.2.1.3. 
The reagents to be investigated are the sodium or potassium salt solutions of hydroxide, sulfide, sulfate, 
carbonate, and phosphate. Alum, femc sulfate, and aqueous sodium silicate (N%O: Si09  will also be 
investigated. Alum and femc sulfate additions will be followed by the appropriate pH adjustments. 
Slumes of magnesium oxide and calcium hydroxide and dolomitic lime will also be tested. The solutions 
will be either syringe-filtered or filtered through a centrifugal microfilter using a 0.45-micron filter. The 
filtrate will be analyzed for uranium and lead as noted in Appendix B. 

A 0.45- micron filter is used to determine if a removable precipitate is formed. If larger particulates are 
needed to improve filtrations or settling, polymer addition and a filter aid may be used. 

A series of reagents will also be added in a sequential order where the "first addition" reagent is added 
and allowed to react before the "second addition" reagent is added. A list of the tests using sequential 
addition is in Table 4-6. A flow sheet for precipitation of extracted metals is given Figure 4-5. 

The most promising reagent formulations will be determined by use of professional judgment. The 
experiments will note the appearance of turbidity and precipitation in the solution. Correlations between 
change in pH and onset of turbidity and precipitation, and correlations of pH with volume or weight of 
titrant added will be noted. The experiments will also note the rate of setting and which reagents lower 
the uranium and the lead the most. The general procedure of this work plan is an iterative process where 
the results from matrices of experiments are used to determine the course of the next set of experiments. 

EDTA Chelant Extraction Liauid Decontamination 
The metal-laden chelant solution from the most promising extraction treatment will be treated for metals 
removal from the liquid by the following methods. The methods are listed in order of testing sequence. 
If one of the bulleted methods work, the methods listed in subsequent bullets may not be tested. 

0 Alkaline precipitation - Tests will be performed by addition of sodium hydroxide, 
Na&03, or Na3P0, to the liquid. Filtration and subsequent analysis of the treated liquid 
will determine the effectiveness of the treatment. If none of the above are successfid, a 
preliminary treatment with Fe3' (to displace other metals) will be used, followed by 
alkaline precipitation. 

0 Insoluble chelant treatment - Tests will include treatment with and without Fe3' prelimi- 
nary addition at a pH 3 of 6 (to displace other metals), followed by addition of another 
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N%O: SiO, 
N%O: SiO, 
NA,O:SiO, 
N%O:SiO, 
N%O:SiO, 
N%O:SiO, 

MgO 
MgO 
MgO 

TABLE 4-6 

PRECIPITATION OF LEACHATE SOLUTION 

NaOH 
Na3P04 
Na,CO, 

Na,S 
MgO 

Ca(OH), 

Na3P0, 
Na,CO, 

Na,S 

NaOH 
NaOH 
NaOH 

Na,PO, 
Na,CO, 

Na,S 
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organic chelant that forms a stronger insoluble complex. The correct pH (using sodium 
hydroxide addition) will be determined empirically based on previous experience. 

0 Electrochemical treatment - An electrochemical cell can be used to remove metals while 
regenerating the chelant extraction liquid. This process consists of an electrochemical cell 
divided into two chambers by a cationic ion exchange membrane. One chamber contains 
the cathode and metal chelate solution, and the second contains N+CO, and the anode. 
During the p m s ,  metals are plated at the cathode while Na+ ions migrate across the 
cationic exchange membrane to place the working chelant in the Na' form. 

0 Sodium sullide treatment - If none of the above treatments are successful, sodium sulfide 
will be added to the metal chelate liquid to produce the insoluble metal sulfides. After 
filtration of the precipitate, samples will be analyzed for metals. 

4.2.5.2 PreciDitation of Metals in the Leachate Solutions - Preliminan, Phase - Stage 2 
Larger aliquots (50 to 100 cc) of the leachate solution will be tested with the most promising precipitation 
reagents from Section 4.2.5.1. Settling rates will be determined. Aliquots of these mixtures will be 
filtered or centrifuged. Solutions from the latter two operations will be tested for uranium and lead 
content. 

Note, if three or more precipitation tests are necessary, then further composite waste samples (presumably 
300 to 500 grams) will need'to be extracted to finish the tests. 

4.2.5.3 PreciDitation of Metals in the Leachate Solution - Settling - Polymer - Preliminarv Phase - 
Stage 2 

If settling or filtration rates are very slow, then jar tests using inorganic coagulants (such as femc sulfate) 
and/or organic polymers (such as Nalco #7768 anionic polymer). Preliminary range finder tests will be 
performed with up to 10 different reagent combinations. incrementally adding the reagents until the 
appearance of floc. The most promising treatment, based on dosage vems sludge volume and effluent 
quality, will be tested at four different dosages to determine the most effective reagent dosage. A settling 
test will be run on the best treatment and dosage. The clear supernatant liquid will be sampled and 
analyzed for total and dissolved lead and uranium. 

4.2.5.4 Precipitation of Metals in the Leachate Solutions - Settling - Filter Aid - Preliminarv Phase - 
Stage 2 

If the filtration rates are slow, these tests will be conducted. The feed solids concentration will be adjusted 
to pumpable solids concentration and the body feed concentrations to three different dosages of filter aid. 
Filter aid concentrations will be those recommended by the manufacturer. The treated samples will be 
filtered in a buchner funnel. The optimum dose of reagents will be that producing the driest cake and the 
most filtrate in the shortest time. The filtrate will be analyzed to determine if the process successfully 

lowered the metal content. 91 
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4.2.5.5 Precipitation of Metals in the Leachate Solutions - Ion Exchanpe - Preliminary Phase - Stage 2 
Ion exchange will be tested as a final polishing step for precipitation/filtration-treated extraction liquid. 
This testing will consist of 10 isotherms using several different ion exchange resins. 

4.2.6 Stabilization of Precipitated Material - Preliminary Phase - Stage 1 
The most effective stabilization reagents determined from the screening described in Section 4.1 will be 
used as a guide in determining the formulations to investigate. Up to 10 formulations will be examined 
with the precipitated material. Precipitated material generated in the conduct of Section 4.2.2 will be used. 
Shear strength and temperature rise will be recorded within 10 minutes of mixing. Volume increase will 
be measured by water displacement. UCS testing will be done if there is enough material to make suitable 
molds to test. MTCLPs will be performed on those samples with UCSs of approximately 500 psi. If 
UCSs are not done, then MTCLPS will be performed on all samples. If necessary, more waste will be 
extracted to produce the leachate and metal precipitate for this process. As an optional step, radon 
emission and radon leach tests will be conducted on the stabilized solid; archive samples will be used for 
these experiments. Figure 4-5 shows how stabilization fits into the metals extraction studies. 

4.2.7 Data Reauired 
The following data will be recorded during the leachant screening: 

e Acid (solvent) and concentration 
e Quantity of acid 
e Quantity of waste 
0 Description of uranium and lead analyses results 

TCLP of insoluble residue (Stage 3 screening) 
e Percent bentonite in waste 
e 

The following data will be recorded during the precipitation screening: 

e Quantity and type of solvent used to produce leachate 
e Precipitation reagents and quantities 
e Lead and uranium in filtrate 

The following data will be recorded during the precipitation secondary chemical treatment tests: 

e Leachate being tested 
e Polymers, coagulants, Nalmet 8154, and filter aid added, and their dosages 

Lead and uranium before and after addition of any polymers, coagulants, and frlter aid e 

The following data will be recorded during cement stabilization of precipitated material: 

e UCS as measured by a laboratory SOP (SOP No. TCL 1109, Appendix B) (if adequate 

92 material to make molds). 
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MTCLP 

Bulking factor 

Waste form temperature rise after waste and reagents are mixed and the time between 
mixing and temperature measurement 

Approximate shear strength measured within 10 minutes of when waste and reagents are 
mixed 

Physical characteristics: percent moisture and bulk density 

Amount of water added to each waste form 

The maximum particle size treated; weight and percentage of material sieved from the raw 
waste before treatment 

General description of the waste form before and after reagents are mixed. This includes 
a description of any grinding of the sample to meet particle size requirements for UCS 
and if the sample was difficult to mix with the reagent 

Description of vapor or gas released during mixing and during curing of mixture 

pH and Eh of mixture before adding mixture to molds 

pH of MTCLP extraction fluids 

Radon emanation test results for the solidified material 

Radon leaching test results for the solidified material 

The following data will be recorded during the vitrification screening: 

e 

e - 
e 

e 

e 

e 

e 

e 

e 

MTCLP 
PCT 
Weights of reagents and waste in final waste form 
Temperature of oven 
Time heating sample 
Bulking factor 
General description of the waste before and after melting 
Physical characteristics: percent moisture, bulk density 
Radon emission tests results 

The following data will be recorded'during the leaching time and temperature tests: 

e Solvents being tested 
e Quantity of waste and solvent being tested 

Lead and uranium in the leachate as a function of time e 93 
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The following data will be recorded during the washing studies tests: 

a Type of solvent used for leaching 
W Quantity of leached solid being rinsed 

Quantity of water used for each rinse 
Uranium and lead in each batch of rinse water 

W 

e 
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5.0 EQUIPMENT AND MATERIALS 1 

See Table 5-1 for a listing of the major equipment to be used during the laboratory screening. 2 
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TABLE 5-1 

EQUIPMENT AND MATERIALS 

Multiple 

Multiple 

Plastic containers, 5 oz and 8 oz 

Spatulas 
~~~ 

II Multiple I Crucibles 

1 

1 

2 

1 

1 

1 

1 

~ 

R W S T ~ W o r k p l t n  
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HACH digital pH meter 

Glass melter furnace 

HACH COD digesters Model 45600-00 and associated vial 

Soiltest laboratory vibrating table 

Thermometer, calibrated and traceable 

Scale, calibrated 

Aluminum heating block 

1 

Multiple 

Centrifuge 

I 2 x 4 Jatco Co. plastic molds for UCS 

Multiple 50 cc centrifuge tubes 

1 I Hobart quart or equivalent planetary mixer II I 
1 I alpha survey meter and beta, gamma scanner ll I 
1 I Soiltest Torvane II I I I  50 I TFEbombs 

Note: This equipment list does not include analytical instrumentation for leachate analyses; equipment 
for TCLP, PCT, or 5-day static leach tests; equipment for radon emanation and leaching, wet/dry 
tests, or freezehhaw tests; or general laboratory equipment. 
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6.0 SAMPLING AND ANALYSIS 

In 1989, the K-65 Silos 1 and 2 in addition to Metal Oxide Silo 3 was sampled by WEMCO. 
Although the sampling efforts for Metal Oxide Silo 3 was fairly successful, the sampling efforts for 
Silos 1 and 2 with a average sample recovery of 9 percent was not successful. The silo material from 
Zones A and B from Silos 1 and 2 was sent for laboratory analysis and archived. In 1990 and 1991, a 
new sampling attempt was conducted on K-65 silos 1 and 2 by Advanced Sciences, Inc./IT 
Corporation (ASIKI’) that was successful. The silo material movered in 1990 was primarily from the 
southwest manway of each silo, which was archived at the time for future material needs. In 1991, 
sampling of the remaining manway of the two silos was completed. Due to the large volume of 
material required by the IT and WEMCO treatability studies, it was necessary to combine the 1990 
archived material with the 1991 silo material. This material was consolidated to give complete Zone 
A. Zone B, Zone C, and Zone A, B, C composites for each silo. Undisturbed samples from each 
manway sampled has been retrieved for geotechnical analysis. The 1989 archived silo material will 
only be used for the optional phase of the treatability studies. 

A review of the Characterization Investigation Study (CIS) (Weston 1986) data revealed additional 
requirements for Silos 1 and 2. These data are needed for the frnal design of the remedial actions and 
also for the evaluation of the risks associated with remediation. Consequently, a Sampling and 
Analysis Plan (SAP) for resampling Silos 1 and 2 has been prepared and approved. Actual field 
sampling ended in August 1991. The samples taken in this sampling program will be used for this 
laboratory screening. 

A total of 24 samples were taken from Silos 1 and 2 under the sampling program (Figures 6-1, 6-2, 
and 6-3). The spatial variability of the silo contents considered both horizontal and vertical variability. 
The hown disposal history indicated that the K-65 residuals are homogeneous in the horizontal 
direction and nonhomogeneous in the vertical direction. The 1990 resampling program established, 
through a visual observation of archive samples recovered from the southwest manways of Silos 1 and 
2, that there is not a continuous strata variability in the vertical direction. 

According to the SAP, a full range of radionuclide, organic, and inorganic analyses will be conducted 
on the retrieved samples. These analyses are listed in Table 6-1. For the material to be treated, this 
study requires that the presence and concentrations of a number of analytes be known as well as a 
number of physical parameters. The analytes and physical parameters are of interest because their 
presence and/or high concentrations may have adverse effects on the proposed cement stabilization, 
chemical separation, and vitrification testing. The tests to determine physical parameters are listed in 
Table 6-2. Silo 3 was sampled under the 1989 program camed out by WEMCO. Results of the 
analyses for radionuclides, inorganics, and organics are given in Appendix D. 97 
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SILO #1 (Sl) 

SILO #2 (S2) 

General Sample nomenclature is as follows: 

Silo Number - Manway I.D. - Zone I.D. - Section I.D. 
Example: 2SlSW-A-1 indicates second sampling period, 
Silo 1 - Southwest manway - Zone A - Section 1 

98 
FIGURE 61. IDENTIFICATION OF CORE SAMPLES 
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SILO CONTENT MATERIAL SAMPLE CORE SUBSAMPLES SHALL BE TAKEN FROM ALL 
OF THE SPECIFIED ZONES ABOVE. THESE ZONES SHALL BE DETERMINED BY THE 

ONE-THIRD INCREMENT IN WHICH EACH MANWAY IS SAMPLED. ALL SECTIONS SHALL 
BE BETWEEN 12 AND 18 INCHES IN LENGTH. A COMPOSITE SAMPLE SHALL BE 

COLLECTED FROM EACH ZONE FOR ANALYTICALTESTS SUCH AS HSL INORGANICS, 
HSL ORGANICS, TCLP ORGANICS, TCLP METALS, AND RADIONUCLIDES. A HIGH 

RADIOLOGICAL SAMPLE SHALL BE TAKEN FROM ONE SECTION PER MANWAY CORE. 
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2S2-NE 
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FIGURE 6-2. SECTIONING OF SE, NW, AND NE SAMPLE CORES 
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THESE, W ,  AND NE SAMPLE CORES WILL BE SUBSAMPLED FOR ENGINEERING 

TESTS. THREE COMPOSITED SAMPLES FROM EACH SILO WILL BE MADE UP OF 

SUBSAMPLES FROM THE SAME HORIZONTAL LAYERS (ZONES). CRITERIA TO SELECT 

SPECIFIC ZONES FROM EACH CORE FOR SAMPLING WILL BE BASED ON SAME CRITERIA 

USED IN SECTIONING NE, SE, AND NW CORES LESS THE RADIOLOGICALLY MOST 

ACTIVE ZONE CRITERIA. 
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iGO 
FIGURE 6-3. SUBSAMPLING OF SAMPLE CORES FOR ENGINEERING TESTS 
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TABLE 6-1 

ANALYTICAL CHARACTERIZATION PARAMETERS 
FOR SILOS 1 AND 2 IN OPERABLE UNIT 4 

Radiological: 
Isotopic uranium 
Isotopic thorium 
Isotopic radium 
Lead-210 
Gamma spectroscopy 
Totaluranium 
Polonium-2 10 
Protactinium-231 
Actinium-227 

Chemical: 
TAL inorganicsa 
HSL volatiles 
HSL semivolatiles and tributylphosphate 
HSL pesticides and PCBs (if positive hits, confirm 
by GCFIS) 
TCLPmetals 
TCLP organics 

General Chemistry: 
Total phosphorous 
Total organic carbon 
Ammonia 
Total Kjeldahl nitrogen 
Total organic nitrogen 
Oilandgrease 
Soil pH 
Bromide (by ion chromatography) 
Chloride (by ion chromatography) 
Nitrate (by ion chromatography) 
Sulfate (by ion chromatography) 

24 

18 

~ 

aPlus boron, cobalt, and thallium. 
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D2216-80 

D43 18-84 

D854-83 

D422-63 

D2435-80 

TABLE 6-2 

GEOTECHMCALPHYSICAL TESTS 

Water Content Determination 8 

Atterberg Limits 8 

Specific Gravity Determination 8 

Grain Size Distribution with Hydrometer 8 
Analysis 

One-Dimensional Consolidation 8 

No ASTM Designation 

D698 -7 8 

1 1 

~~~ 

In Situ Soils Density Determination 6 

Standard Proctor 6 

D4253-83 I Maximum Index Drained Triaxial Density I 6 

D4254-83 I Minimum Index Granular Soils I 6 

D1557-78 I Modified Proctor 8 

No ASTM Designation 
Department of Army 
EM 11 10-2-1906 

Consolidated Undrained Triaxial with 
Pore pressure 

6 

'American Society of Testing and Materials. 
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7.0 DATA MANAGEMENT 

7.1 GENERAL 
This section pertains to work performed at the Technology Development Laboratory (TDL) only. Two 
types of laboratory notebooks will be used for this project. All laboratory notebooks are uniquely 
numbered and permanently bound with sequentially numbered pages. 

Project-specific notebooks will be signed out by the facility quality control coordinator (QCC) to the 
individuals working on the project. All daily laboratory activities associated with the project will be 
recorded in the project-specific notebooks. Refer to the Standard Operating Procedure (SOP) in 
Appendix B. 

Separate nonproject-specific logbooks will be used to record the injection or introduction of samples 
into analytical instrumentation. These logbooks are also used to record maintenance or problems with 
the instrument. Refer to the SOP in Appendix B. 

At the completion of the project, the project-specific laboratory notebooks and logbooks will be 
returned to the facility QCC for retention. Instrument logbooks axc returned to the facility QCC when 
the books are filled. 

All records management and reporting will follow standard QA/QC protocol in the Quality Assurance 
Project Plan (QAPP) and Volume 4 of the RI/FS Work Plan. Standard QA/QC protocol, as it applies 
to testing within the laboratory, will adhere to the following guidelines: 

One hundred percent verification on all numerical results - Transcriptions and calcula- 
tions are checked and recalculated. 

Data validation through test reasonableness - Summaries of all test results for individual 
reports are reviewed to determine the overall reasonableness of data and to determine 
the presence of any data that may be considered outliers. 

. Routine instrument calibration will be performed under guidance from the QAPP. 

Use of trained personnel conducting tests - All technicians are trained in the application 
of standard laboratory procedures for analyses as well as the QA measures implemented 
for internal QC checks. 
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7.2 STABILIZATION 1 

SDikes 2 

TCLP - During the site characterization, the TCLP leachate from the sample will be 
spiked. Spike recovery will be calculated separately for each silo (1. 2, 3) and for each 
zone (A, B, C). These spike recovery values will be used with all subsequent TCLP 

3 

4 

5 
results. 6 

Blanks 7 

TCLP will use the Oak Ridge laboratory blank. ' 

Reagent blank - Solidify sand or quartz; run TCLP on solidified mass. 
Radionuclide test will use a water blank. 

8 

9 

10 

DuDlicate Analysis 11 

There will be a 20 percent experimental duplicate of all tests during the advanced phase. 12 

7.3 LEACHING/PRECIPITATION/STABlLIZATION/VITRIFICATION 13 

SDikes 14 

TCLP - During the site characterization. the TCLP leachate from the sample will be 
spiked. Spike recovery will be calculated separately for each silo (1, 2, 3) and for each 
zone (A, B, C). These spike recovery values will (be used with all subsequent TCLP 
results. 

Blanks 

Radionuclide test will use a water blank. 
TCLP will use the Oak Ridge laboratory blank. 

DuDlicate Analysis 

There will be 20 percent experimental duplicate of all tests during the advanced phase 
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8.0 DATA ANALYSIS AND INTERPRETATION 1 

8.1 EFFECIIVENESS OF WASTE FORMS 
The results of the leaching tests (MTCLP, TCLP, PCT, and 5-day static) will be used to evaluate the 
long-term effectiveness of each waste form. The concentrations of radioactive and hazardous 
constituents in the TCLP leachate (and possibly F V T  and 5-day static) will be used as input into the 
geochemical models described in the draft FU/FS Risk Assessment Work Plan Addendum on Risk 
Assessment methodology. These models will be used with groundwater fate and transport models, 
which will then be used to calculate concentrations of contaminants in the aquifer at the reasonable 
maximum exposure. These concentrations will in turn be used to calculate the magnitude of that 
exposure, and the resulting risks to human health and the environment. Fate and transport models are 
discussed in the draft "Risk Assessment Work Plan Addendum" (DOE 1991). 

8.2 STABILIZATION 
The reagent formulation along with the following data will be presented in tabular form: 

Waste form temperature rise after waste and reagents are mixed, and time between 
mixing and temperature measurements 

General descriptions of the waste before and after reagent addition. This includes a 
description of any grinding of the sample to meet particle size requirements for UCS. 

Approximate shear strength measured within 10 minutes of when waste and reagents are 
mixed 

Physical characteristics: percent moisture, bulk density 

Amount of water, raw waste, and reagents added to each waste form 

ucs (SOP TDL 1109) 

Permeability '(for advanced screening) 

Bulking factor 

The maximum particle size treated; weight and percentage of material sieved from the 
raw waste before treatment 

Description of gases or vapors released during mixing and during curing of mixture 

Physical appearance of mold after 90-day soak in deionized water in optional phase 

pH and Eh of the reagent waste mixture before adding mixture to molds 
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pH of IvlTCLP and TCLP extraction fluids, pH of TC" extraction fluid determination 
test 

pH of 5day static leach solution 

pH and Eh of slightly wet water mixture 

pH of 9O-day leach solution in optional phase 

Radon emission test results in advanced phase 

MTCLP (for preliminary phase) 

5-day static (for advanced phase) 

TCLP (for advance phase). TCLP results will be reported three ways: (1) actual 
analysis of extract, (2) results corrected for spike recovery, and (3) results corrected for 
spike recovery and dilution by stabilization reagents. 

8.3 LEACHING/PRECIPITATION/STABILIZATION/VITRFICATION 

8.3.1 Leaching 
The following data will be evaluated and presented in tabular form for all preliminary phase Stage 1 
tests: 

Acid (solvent) and concentration 
Quantity of acid 
Quantity of waste 
Description of uranium and lead analyses results 

The data recorded for preliminary phase Stage 2 will be the same parameters as for Stage 1, except 
that Stage 2 will also include 20 percent bentonite. 

Advanced phase data will be presented as in Stage 2, with the addition of the following parameters for 
each test run: 

TCLP of insoluble residue 
Uranium, thorium, radium, and lead content of insoluble residue 

8.3.2 PreciDitation 
The following data will be presented in tabular form for each experimental run: 

Precipitation reagents and quantities 
Quantity and type of solvent used to produce leachate 
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Lead and uranium in filtrate 

The following data from the secondary chemical trea-nent tests will be tabulated: 

Leachate being tested 
Polymers, coagulants, Nalmet 8154, and filter aid added, and their dosages 
Lead and uranium before and after addition of any polymers, coagulants, and filter aid 

8.3.3 Stabilization 
The following data will be tabulated for each stabilization test of precipitated material: 

UCS measured according to SOP TDL 1109 

MTCLP 

Bulking factor 

Waste form temperature rise after waste and reagents are mixed and the time between 
mixing and temperature measurement 

General descriptions of the waste before and after reagent addition 

Approximate shear strength measured within 10 minutes of when waste and reagents are 
mixed 

Physical characteristics: percent moisture, bulk density 

Amount of water, treated waste, and reagents added to each waste form 

Radon emissions test results for the solidified material 

Maximum particle size treated; weight and percent of material sieved from the raw 
waste before treatment 

Description of gases or vapors released during mixing and during curing of mixture 

Physical appearance of mold after 90-day soak in deionized water 

pH and Eh of the reagent waste mixture before adding mixture to molds 

pH of MTCLP extraction fluids 

8.3.4 Vitrification 
The following data will be tabulated for the vitrification screening: 

MTCLP nw 

- .  
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PCT 
Weights of reagents and waste in final waste form 
Temperature of oven 
Heating time of sample 
Bulking factor 
General description of the waste before and after melting 
Physical characteristics: percent moisture, bulk density 
Radon emissions test results 

8.3.5 Leaching Time and TemDerature 
The following data will be presented in tabular fonn: 

Solvents being tested 

. Quantity of waste and solvent being tested 
Lead and uranium in the leachate as a function of time 

8.3.6 Number of Washes 
The following data will be tabulated for each leached solid being tested: 

Type of solvent used for leaching 
Quantity of leached solid being rinsed 
Quantity of water used for each rinse 
Uranium and lead in each batch of rinse water 

8.4 PROCEDURES USED TO ASSESS DATA PRECISION, ACCURACY, AND COMPLETENESS 
The following are procedures used to assess data precision, accuracy, and completeness: 

Calculations of precision, accuracy, and completeness will be used to assess data quality. These 
formulas can be found in "Preparing Perfect Project Plans" (EPA 1989b). 

Example calculations of precision: 

(C1-C2) x 100% 

(C, + q f 2  
RPD = 

where 
RPD = relative percent difference 
C, 
C, 

= larger of the two observed values 
= smaller of the two observed values 
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Example calculation of accuracy: 

100% x (S -v) 

c, 
%R = 

where 
%R = percent recovery 
S 
U 
C,, = actual concentration of spike added 

= measured concentration in spiked aliquot 
= measured concentration in unspiked aliquot 

Example of calculation of completeness: 

An example of the TDL form used for reporting precision of duplicates and accuracy of spikes is 
given in Figure 8-1. , 

7 

V %C = 100% x - 
n 

where 
%C '= percent completeness 
V 
n 

= number of measurements judged valid 
= total number of measurements necessary to achieve a specified statistical level of 

confidence in decision making 
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Figure 8-1 
General QNQC Report 

Analyte: 
Matrix: 
Sample Number: 

Conc. 
0 

Precision of Duplicates 
Spike Value (b)= 
Spike Dup. Value (a)= 

Precision (RPDa) 

Accuracy of Spike 
Original Value (a)= 
Observed Spike Value (b)= 
Spike Level (c)= 

Accuracy= 

la-bl x 100% = 
(a+b)/2 

- b-a x 100% = 
C 

Accuracy of Spike Dup. 
Original Value (a)= 
Observed Spike Dup. Value (b)= 
Spike Level (c) = 

Accuracy = 
- b-a x 100% = 

C 
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9.0 HEALTH AND SAFETY 

An alpha-CAM detector will be used to measure radon emissions continuously during testing. The 
primary purpose of alpha-CAM is for the health and safety of the laboratory personnel. 

tions: 

0 

0 

0 

0 

0 

The radon emissions will be minimal in the treatability study. This is based on the following assump- 

Radon and radium are in secular equilibrium in the contained sample. 

The radium concentration is 192,600 pCi/g (Operable Unit 4 Remedial Investigation 
Report). 

Upon opening the sample container, all of the enclosed radon will escape immediately 
and be captured by the hood. 

After the initial radon cloud is emitted, the contained radium will continue to decay into 
radon, which will escape immediately and be captured by the hood. 

The initial sample weighs five pounds. 

The worst-case calculations indicate that the instantaneous release of radon upon opening the container 
will be approximately 0.4 m a ,  and the radon rate from a single opened sample container will be less 
than 3.6 pCi/hr. Samples will be handled inside the hood. The hood will use carbon adsorbers and 
high-efficiency particulate air (HEPA) filtration (in series), which is considered the best available 
technology to control emissions. 

See Appendix A for the site-specific health and safety plan. 
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10.0 RESIDUALS MANAGEMENT 

10.1 STABILIZATION OF SILOS 1 AND 2 AND SILO 3 MATERIALS 
The project will generate from 24 to 37 kg of treated solid waste. 
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3 

10.2 LEACHING/ANALYSIS/DISPOSAL OF SILOS 1 AND 2 AND SILO 3 MATERIALS 4 

5 

6 

I 

8 

The project will generate approximately 2000 to 6600 grams of radioactive waste residue (Silos 1 and 

Ridge Laboratory or other QAPP laboratory for analysis and then will be shipped to DOE’S FEMP 
2 material) resulting from the acid/EDTA leaching process. These residues will be sent to IT’S Oak 

integrator or environmental remediation management contractor for disposal. 

10.3 STABILIZATION/VITRIFICATION OF LEACHED WASTE 9 

The total amount of residue will depend on the metal concentration in the waste. Potentially, 10 to 
20 kg of solid waste will need to be leached to produce enough leachate for the analysis. This would 
produce approximately 3.5 to 7 kg of treated solid waste, 30 to 60 kg of treated leachate, and 30 to 60 

10 

1 1  

1.2 

13 kg of treated wash water. 

10.4 DISPOSAL 14 

1s All of the waste materials will be shipped to DOE’S FEMP integrator or environmental remediation 
management contractor for disposal. 16 
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11.0 COMMUNITY RELATIONS 

Treatability studies and community information and involvement activities are required in the 
CERCLA process. Community relations activities shall be conducted to: (1) support treatability 
studies for Operable Unit 4, (2) explain the role of treatability studies in the RI/FS, and (3) raise the 
public's confidence in cleanup alternatives and technologies identified in the alternatives screening 
analysis process and in the preferred alternative for this operable unit. The treatability study 
community relations activities for Operable Unit 4 will comply with the Community Relations Plan 
"Remedial InvestigationFeasibility Study and Removal Actions at the U.S. Department of Energy 
Feed Materials Production Center," (DOE 1990b). At a minimum, the following community relations 
activities will be conducted to explain treatability studies for Operable Unit 4. 

Community meeting - Held a minimum of three times/year to provide status on cleanup 
issues and to ensure that interested area residents have a routine public forum for receiving 
new information, expressing their views, and getting answers to their questions. Meetings 
will focus on operable unit updates, removal actions, major RI/FS documents, and other 
appropriate topics. 

Publications - RI/FS materials such as progress reports, fact sheets, a community newsletter 
(FernuZd Site Cleanup Report), and updates of CERCLA-related activities at the FEW and 
will include information on treatability study activities for Operable Unit 4. 

Presentations to community groups - Information about treatability studies for this operable 
unit will be included in briefings to community groups in Ross, Crosby, and Morgan town- 
ships, and to Femald Residents for Environmental Safety and Health, as appropriate. Also, 
this information will be included in presentations to other organizations, as requested. 

Key milestones in treatability studies will be identified and progress reported to the community in 
these presentations and publications. These milestones include: 

Submittal of the work plan to DOE and EPA 
EPA approval of the work plan 
Treatability testing 
Submittal of the treatability study report 

Other activities identified in Section 4.0 of the Community Relations Plan may be utilized as 
appropriate to effectively communicate treatability information to the community. Such activities may 
include workshops and community roundtables. 
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1210 REPORTS 

An interim draft report, which will document the results of the Stabilization and leaching tests, will be 
issued following the completion of the preliminary phase. This report will identify the promising 
stabilization formulation and extraction solutions and will recommend whether those procedures be 
further tested in the advanced treatability program. To determine the success of the recommended 
stabilization formulations and extraction solutions, it will be necessary to have the residues and 
leachates analyzed for radium and thorium at IT's Oak Ridge laboratory. In addition, all raw data will 
be presented in a tabular format. 

The advanced phase report will be issued following the completion of the experimental portion of the 
advanced tests. This report will identify the stabilization formulations and extraction procedures that 
are promising and that identify any problems. To determine the success of the recommended 
stabilization formulations and extraction solutions in removing contaminants, it will be necessary to 
have the residues analyzed at IT's Oak Ridge laboratory. The following outline can be used as a 
guide when preparing the reports: 

SUGGESTED ORGANIZATION OF TREATABILITY STUDY REPORT 

1 .O Introduction 
1.1 Site Description 

1.1.1 Site Name and Location 
1.1.2 History of Operations 
1.1.3 

1.2.1 Waste Matrices 
1.2.2 PollutantsKhemicals 

1.3 Remedial Technology Description 
1.3.1 Treatment Process and Scale 
1.3.2 Operating Features 
Previous Treatability Studies at the Site 

Prior Removal and Remediation Activities 
1.2 Waste Stream Description 

1.4 
2.0 Conclusions and Recommendations 

2.1 Conclusions 
2.2 Recommendations 

3.1 Test Objectives and Rationale 
3.2 Experimental Design and Procedures 

3.0 Treatability Study Approach 

1 

2 

3 

4 

5 

6 

7 

8 .  

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 



FU/FS Treatability Work Plan 
January 2.1992 
V ~ I .  WP-section 12.0 2 4 7 1 
Page 2 of 2 

3.3 Equipment and Materials 
3.4 Sampling and Analysis 

3.4.1 Waste Stream 
3.4.2 Treatment Process 

3.5 Data Management 
3.6 Deviations 

4.0 Results and Discussion 
4.1 Data Analysis and Interpretation 

4.1.1 
4.1.2 
4.1.3 Comparison to Test Objectives 

Costs/Schedule for Performing the Treatability Study 

Analysis of Waste Stream Characteristics 
Analysis of Treatability Study Data 

4.2 Quality Assurance/Quality Control 
4.3 
4.4 Key Contacts 

References 
Appendix A - Data Summaries 
Appendix B - Standard Operating Procedures 
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13.0 SCHEDULE 1 

The schedule to complete all treatability-related activities is shown in Figure 13-1. The activities and 
dates are based on the Operable Unit 4 Consent Agreement Schedule. 

2 

3 
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14.0 MANAGEMENT AND STAFFING 

An organizational chart for the management of the Operable Unit 4 treatability study is provided in 
Figure 14-1. The principal parties include: DOE Femald, WEMCO, ASI/I”, and IT Technology 
Development Laboratory. 

Personnel involved in the management of the entire RIPS include: Jack Craig, DOE RI/FS Project 
Director, John Wood, ASI/I”’s Project Director for the RIPS consultant; and ASI/IT’s John Razor, 
who serves as Deputy Project Director and is responsible for the technical content within all of the 
RWS consultant’s documents. 

Additional personnel involved in the management of RIPS treatability programs for all operable units 
include Dr. Ed Hopson, ASI/IT’s Technical Integration Manager, who is responsible for the RI, 
National Environmental Policy Act of 1969 (NEPA), and Treatability. Also, Sam Wolinsky serves as 
treatability coordinator for all operable unit treatability studies performed by the RI/FS consultant. 

Those personnel specifically involved in Operable Unit 4 include: Randi Allen, the DOE operable unit 
manager, Dennis Nixon, WEMCO’s (the integration contractor) operable unit manager; and Steve 
Hammitt, operable unit manager for Parsons, the remedy design contractor. Susan Rhyne of ASI/IT 
serves as the RIPS consultant operable unit manager and is the focal point for supervision of the 
laboratory performing the treatability study. 

1 

13 

14 

15 

16 

17 

’ The IT TDL personnel will perform the actual treatability testing. Those personnel include Ed 
Alperin, Laboratory Manager, who is responsible for all of the treatability testing programs within the 

18 

19 

treatability laboratory. D m l l  Drouhard, Project Manager/Engineer, coordinates all treatability 20 

laboratory work between labs and site. Ernie Stine, Operations Supervisor, is responsible for the 
technical aspects of the treatability programs at the laboratory; Dennis Handly and Ed Morren perform 
most of the experiments; Patti Carswell is responsible for all QA activities and reports directly to Jack 
Hall, Laboratory Director. 24 
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To reduce the level of radioactive components in the insoluble residue and achicve PRGs 
where possible 

To determine the leaching time required 

To determine the effect of different waste-to-leach solution ratios on the extractions 

To determine the reagents and conditions necessary to precipitate the metals in the leachate 
solution 

To determine the cement stabilization reagents and relative quantities required so that the 
final waste form achieves a UCS of approximately 500 psi 

To determine the leachability of all radionuclides and HSL constituents from thc final 
waste form 

To determine the cement stabilization reagents and relative quantities required to minimize 
leachate concentrations of radionuclides and HSL constituents from the final waste form 

To minimize the final volume of treated waste 

To estimate the volumes of wastes that will be generated by each process 

To provide preliminary cost and design data for the RI/FS 

To provide leaching characteristics for use in fate and transport modeling 

To develop preliminary reagent mixture and process parameter data for use in the bench- 
and pilot-scale studies as follows: 

- For cement stabilization: shear strength, waste form temperature rise with reagent 
addition, general description of waste before and after reagent addition, permeability of 
treated sample, percent water in the waste, pH and Eh of leachate solutions, and 
indications of gas evolution during mixing and curing 

- For vitrification: percent water in the waste and types and percent additives required 

To provide data for the evaluation of Alternative 8 - Removal, Contaminant Separation, 
and On-Property Disposal and Alternative 9 - Removal, Contaminant Separation, and Off- 
Site Disposal 

3.4 DOOS - METAL EXTRACT'ION/PRECIPlTATION/STABILIZATION/VITRIFICATION 
A list of tests, locations of procedure descriptions, and associated DQOs for metal extrac- 
tion/precipitation/stabilization/vitrification are in Table 3-7. See Table 1-3 for a list of procedures for 
each phase and stage of the project. All screening will be done using composite samples. Inductively 
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TABLE 3-7 

METALS EXTRACTIONS TEST DQOs 

Bulking Factor B or C Minimize waste volume increase during stabilization and vitrification. V 
Estimate the volume of waste that will be generated. 

11 Waste Form Temperature Rise I C I Preliminary Process Parameters (Cement Stabilization) I 1  

Modified Toxicity Characteristic 
Leaching Procedure (MTCLP) 

C During the screening phases, to determine the relative leachability of V 
hazardous and radiological constituents associated with the various 
stabilization and vitrification reagent formulations. 

Shear Strength C Preliminary Process Parameters (Cement Stabilization) I 

Unconfined Compressive 
Strength (UCS) 

B To determine the unconfined compressive strength associated with each of I1 
the reagent formulations. 

Uranium By IC and Lead By 
ICP or AA 

C and 
SW-846 

To quantitatively compare the effectiveness of various solvents and X 
reagents during leaching and precipitation experiments. 

pH, Eh 4 s  C Preliminary process parameter I 



TABLE 3-7 

(Continued) 

Radiological 

DQOEOMMENT 

See QAPP To quantify the residual radionuclide concentrations in the insoluble IV 
residue resulting from tests with the most effective solvents. This will be 
used to grade solvents pasdfail. 

C /I Temperature 

TCLP 

To determine the effect temperature has on the rate of dissolution of the 
metals 

See QAPP To determine if the insoluble residue resulting from tests with the most IV 
effective solvents can be classified as non-RCRA material. This will be 
used to grade solvents pass/fail. 

Uranium by IC and 
Lead by ICP or AA 

C and 
SW-846 

To quantitatively compare the effectiveness of various solvents and I1 
reagents during leaching and precipitation experiments. 

Temperature C To determine the effect temperature has on the rate of dissolution of the I11 
metals - 



TABLE 3-7 

(Continued) 

Radon Emanation C Estimate effectiveness of treatment in reducing radon emissions V 

I I 

Radon Leaching C I Estimate effectiveness of treatment in reducing radon leaching V 

Wet/Dry C Estimate effectiveness of treatment in reducing failure due to wet/dry I11 
cycles 

Vests from the preliminary and advanced phases may be used during the optional phase. 

Freezemaw C Estimate effectiveness of treatment in reducing failure due to freeze/thaw I11 
cycles 
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coupled plasma (ICP), atomic absorption (AA), and ion chromatography (IC) analysis tests for lead 
and uranium in the leachate will be used to Screen out the least effective solvents. 

The leaching tests will include analyses of the insoluble residue remaining after the metals have been 
extracted. These tests include TCLP for RCRA metals, organics, and radiological analysis for 
uranium, radium, thorium, polonium, radon, and lead. These tests will identify the most effective 
solvents. 

If the leaching process is successful (i.e., the insoluble residue from the leaching has favorable TCLP 
and risk-based radiological test results), the leachate from the successful runs will be used in the 
precipitation screening. Various precipitation reagents will be used to precipitate metals from the 
leachate. The relative effectiveness of the various reagents will be determined. The precipitated 
material from the most effective precipitation reagents will be subjected to stabilization tests and 
vitrification experiments. See Section 4.0 for a detailed discussion of the experimental design and lists 
of desired data. 
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4.0 EXPERIMENTAL DESIGN AND PROCEDURES 
( 

4.1 STABILIZATION OF UNTREATED MATERIAL 

4.1.1 Wliminarv Phase 
In the preliminary phase, the main effects of various stabilization reagents (Le., portland cement Type 11, 
Type F fly ash, sodium silicate, attapulgite, clinoptilolite, and water) will be tested. Composite samples 
from the 1990 archive and 1990-91 silo sampling programs will be tested. The data produced will be used 
to better define the scope of the advanced phase. A stabilization flow sheet is given in Figure 4-1. The 
preliminary phase data will also help to define the best reagents to stabilize the metals and radioactive 
materials precipitated from the leaching processes (Alternatives 8 and 9). 

The preliminary phase consists of up to three separate stages, Stage 1, Stage 2, and Stage 3. The 
experimental matrices for Stages 1 and 2 are found in Table 4-1. The formulations for Stage 3, if 
required, will be developed after analyzing the results from the initial screening test. 

There are two sets of tests in Table 4-1: a statistically based screening test matrix (Group I) and two 
single variable matrices (Groups I1 and 111). 

In the statistical screening matrix, composite samples will be treated with a combination portland Type 
11 cement, PQ Corporation Type N sodium silicate, and Type F commercial fly ash (Table 4- 1, Group I). 
The stabilization matrix is based on the extreme vertices design for mixtures that have constraints on the 
values of each factor (McClean and Anderson 1966; Diamond 1981). Because this is a screening study, 
all two-dimensional face centroids have been omitted from the study. 

The statistical experiments will be used to produce mathematical models to predict results and, if 
necessary, to design more comprehensive experimental matrices. The single variable matrices will be used 
to demonstrate the effects of changing the source of fly ash and the amount and type of adsorbents. 

In the Group I1 experiments, site fly ash is substituted for a commercial fly ash. The substitution of site 
fly ash will allow the stabilization of contaminated material from two operable units at the same time. 

Group I11 experiments are comparisons to Experiment 9 of Group I. The level and type of the adsorbents 
(attapulgite and clinoptilolite) are changed. This may affect the leachability of the heavy metals and 
radionuclides in the treated samples. 
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CLTempRise 

Chemical Characterization 
of Samples 

i 
Preliminary Phase - Stage 1 

Composite Samples 
Add Reagent To Group I & I I  

Matrix Formulatlons 
I 

Bulking Factor Modified pH of MTCLP 
Determination Leachate 
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FIGURE 4-1. STABILIZATION FLOWSHEET 
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TABLE 4-1 

STABILIZATION MATRICES 

5 

6 

2 

100 31 51 0 6 0 - 35 

100 . 33 54 7 6 0 - 38 

100 

7 

8 

9 

68 

100 26 26 0 6 0 -  15 

100 27 27 7 6 0 -  16 

100 43 43 4 6 0 - 37 

68 7 6 I 11 - 71 II 
II 3 100 51 31 0 6 I 0 - 35 II 
II 4 100 - 54 33 7 6 I 0 - 38 II 



(Con tinued) 
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II 10 I 100 I 43 I 43 I 0 I 6 I 0 - 37 II 

100 43 43 4 12A 0 - 37 

100 43 43 4 12c 0 - 37 

II 11 I 100 I 43 I 43 I 4 I 6 I 0 - 37 II 
I I 1 I I I I I 

I I I I I I 
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4.1.1.1 Preliminarv Phase - Stage 1 
Preliminary Phase - Stage 1 is a range-fmding set of experiments. Samples from the 1990 archive for 
Silos 1 and 2 will be treated according to the Group I and I1 matrices in Table 4-1. The shear strength 
and waste form temperature rise will be measured within 10 minutes of mixing waste and reagents. The 
UCS will be measured on Day 28. The MTCLP will be measured on the treated sample. The treated 
waste will need to achieve a UCS value at least 300 psi to be considered for Stage 2. At the discretion 
of the investigator, formulations that have UCS values much greater than 500 psi may be eliminated. 

In addition, the following observations, measurements, or tests will be performed: bulking factor, general 
description of waste before and after reagent addition, percent water in waste, pH of stabilized waste 
analytical leachate solutions, and indication if there is gas evolution during mixing or during the curing 
process. 

A TCLP analysis of blanks consisting of each reagent and reagent reacted with sand or quartz will be 
conducted. 

4.1.1.2 Preliminarv Phase - Stage 2 
After completion of the Stage 1 tests, separate composited samples from Silos 1 and 2 from the 1990-91 
sampling-*nod and from Silo 3 from the 1989 sampling period will be treated according to the 
stabilization matrix (Table 4-1). This series of tests will include Groups I through 111 of Table 4-1. 

The shear strengtb and waste form temperature rise will be measured within 10 minutes of mixing the 
waste and reagents. The UCS will be measured on Day 28. MTCLP for metals will also be run on the 
samples. In addition, the following observations, measurements, or tests will be performed: bulking 
factor, general description of waste before and after reagent addition, percent water in waste, pH of 
stabilized waste analytical leachate solutions, and indication if there is gas evolution during mixing or 
during the curing process. 

Approximately 50- to 100-gram samples will be used in these tests. The matrices listed in Table 4-1 may 
be revised depending on the results of Stage 1. 

The screening studies on the three composite samples will entail up to 39 experiments (3 composite 
samples x 13 runs). Insight gained from completed studies on the composite samples may allow the 
elimination of specific reagents and conditions from the matment studies of other composite samples. 
In this case, the total number of experiments with the composite samples may be reduced. Also, the 
ranges of the reagents in the matrices may be changed as more is learned about the samples and when 
experiments are completed. It is expected that 20 to 30 percent of the samples (4 to 8 samples) will meet 
the 500 psi compressive strength goal, which is the UCS goal for all  remaining stages. 833 
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4.1.1.3 Preliminarv Phase - Stage 3 1 

The most promising formulations from Stages 1 and 2 are those with a high UCS (approximately 500 psi), 
low leachability for hazardous and radioactive constituents, minimum volume increase of the resultant 
waste, and low cost of reagents. 

2 

3 

4 

If the initial screening tests provide sufficient data to define ideal conditions, then further testing with 

promising, but more data are required to evaluate its performance. If this is the case, additional tests will 
be designed to gather these data. The mathematical models developed in Stages 1 and 2 will be used to 
aid in the development of these experiments. 

5 

6 

7 

8 

9 

other reagent mixtures may not be necessary. The results may indicate that a reagent combination(s) is 

The shear strength and waste form temperature rise will be measured within 10 minutes of mixing the 
waste and reagents. The UCS will be measured on Day 28. MTCLP for metals will also be run on the 
samples. In addition, the following observations, measurements, or tests will be performed: bulking 12 

10 

11 

factor, general description of waste before and after reagent addition, percent water in waste, pH of 13 

stabilized waste analytical leachate solutions, and indication if there is gas evolution during mixing or 14 

during the curing process. IS 

The number of experiments may range from zero to five formulations per composite sample. 16 

4.1.2 Advanced Phase - Silos 1 and 2 17 

18 

19 

20 

21 

22 

23 

Before any formulation can be accepted for the Advanced Phase, it must pass through two tiers of decision 
making. The treated waste should achieve a UCS value of approximately 500 psi and meet TCLP 
standards. The second tier of decision will be applied to those samples that pass the first tier. The 
professional judgment of the investigator will be used to determine a reasonable compromise between 
leaching and minimization of the bulking factor and reagent loadings. Formulations that provide this 
reasonable compromise will be considered for the Advanced Phase. 

The most promising two formulations from the composite sample study will be tested on the top, middle, 
and bottom strata (Zones A, B, C) of the Silos 1 and 2 (six strata samples) to determine the effect of the 
variability of the samples’ composition on the objective functions. Twenty percent of the samples will 
be set and tested in duplicate. The UCS will be determined by laboratory SOP. TCLP, 5-day static leach 
test, and permeability will be performed on the samples. The bulking factor of the stabilized material will 
be measured. In addition, the following observations, measurements, or tests will be performed: general 
description of waste before and after reagent addition, permeability of treated sample, percent water in 
waste, pH of stabilized waste analytical leachate solutions. and indication if there is gas evolution during 
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Bentonite will be added to Silos 1 and 2 as part of a removal action to act as a sealant to stop or reduce 
radon emissions from the silos. Therefore, the stabilization tests on the top stratum of both Silos 1 and 
2 will use 20/80 weight percent bentonite/silo material as the feed instead of silo material only. A 10DO 
weight percent bentonite/silo material will be used for tests on the middle stratum. The 20/80 and 1ODO 
weight percentages were chosen arbitrarily to identify any potential problems or effects that might be 
caused by the presence of the bentonite. It is very unlikely that the layer of bentonite will be mixed in 
with the entire 20 plus feet of silo wastes before processing. Most of the bentonite would be expected 
to be removed with the top half of the silo waste. 

4.1.3 Advanced Phase - Silo 3 
Composite samples will be used instead of individual strata samples. The most promising two formula- 
tions for Silo 3 will be repeated. Twenty percent of the samples will be set in duplicate. The UCS will 
be determined by laboratory SOP. TCLP, 5-day static leach test, and permeability will be performed on 
the samples. The bulking factor of the stabilized material with the appropriate UCS will be measured. 
In addition, the following observations, measurements, or tests will be performed: general description of 
waste before and after reagent addition, permeability of treated sample, percent water in waste, pH of 
stabilized waste analytical leachate solutions, and indication if there is gas evolution during mixing or 
during the curing process. 

4.1.4 Advanced Exueriments - ODtional 
It is possible that some waste forms that appear to be promising will fail TCLP or exhibit other traits 
casting doubt on the formulations. If this occurs, optional experiments might be designed. Waste forms 
from optional tests would, as a minimum, be subjected to appropriate tests used in Stages 1 and 2 of the 
advanced experiments. The mated sample from the 5-day static test may be inspected for physical 
degradation after 90 days of leaching. The leachate may be analyzed as during the advanced phase. The 
treated waste forms will be subjected to durability tests (ASTM D4842 and ASTM D4843), radon 
emissions, tests, and radon leaching tests. 

4.1.5 Procedure 
The procedures are described in Appendices B and C and are listed below: 

Appendix B 

e Laboratory Notebook Recording Procedures 
e Analytical Logbook Recording Procedure 

e Bulking Factor Measurement 
e Calibration of Thermometers 
e Unconfined Compressive Strength 

e Standard Laboratory Sieves: Specification, Calibration, and Maintenance 
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Nuclear Waste Glass Product Consistency Test - Version 3.0 (U) 
Bulking Factor procedure for Nonsludge Type Waste 
5-Day Static Leach Test Procedure 
Modified TCLP Leach Test Procedure 
Waste and Reagent Mixing Procedure 
Waste Form Temperature Rise Generic Procedure 
Permeability 
Generic pH and Eh Produce 
Proposed Measurement of Radon Emissions from Stabilized Waste 
Shear Strength 
Metal Extractions 
Precipitation 
Vitrification of Leachate 
Generic Uranium by Ion Chromatography 
Proposed Measurement of Radon Leaching in Water 
Standard Test Method for Wetting and Drying Test of Solid Wastes 
Standard Test Method for Determining the Resistance of Solid Wastes to Freezing and 
Thawing 
Standard Practice for Mechanical Mixing of Hydraulic Cement Pastes and Mortars of 
Plastic Consistency 
Standard Test Method for Laboratory Determination of Water (Moisture) Content of Soil, 
Rock, and Soil-Aggregate Mixtures. 
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4.1.6 Data Reuuired 24 

The following data will be recorded during cement stabilization preliminary and advanced phases: 25 

0 UCS measured by a laboratory SOP (SOP No. TCL 1109, Appendix B) 26 

0 Permeability (for advanced phase) 27 

0 MTCLP (for preliminary phase), or TCLP and 5day static leach test (for advanced phase) 28 

0 Bulking factor 29 

Waste form temperature rise after waste and reagents are mixed, and the time between 0 30 

mixing and temperature measurements 31 

0 Approximate shear strength measured within 10 minutes of when waste and reagents are 32 

mixed 33 

0 Physical characteristics: percent moisture, bulk density 34 

0 Amount of water added to each waste form 35 

0 The maximum particle size treated; weight and percentage of material sieved from the raw 36 

waste before treatment 9 26 37 
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General description of the waste form before and after reagents are mixed. This includes 
a description of any grinding of the sample to meet particle size requirements for UCS 
and if the sample was difficult to mix with the reagents 

Description of vapor or gas released during mixing and during curing of mixture 

Physical appearance of mold after %-day soak in deionized water in optional phase 

pH and E% of the reagent waste mixture before adding mixture to molds 

pH of MTCLP and TCLP extraction fluids, pH of TCLP extraction fluid determination 
test 

pH of Sday static leach solution 

pH of Wday leach solution in optional phase 

pH and Eh of slightly wet water waste mixture 

TCLP results for reagents 

TCLP metals results for reagents combined with clean sand or quartz 

Radon emanation test results (optional phase) 

Radon leaching test results (optional phase) 

Wet/Dry testing and freezemaw test results (optional phase). 

I 

4.2 METAL EXTRACIlONS 

4.2.1 Leaching 
The objective is to determine the effectiveness of various acid/EDTA leaching solutions in removing lead, 
uranium, thorium, and radium from the material in Silos 1 and 2. (The leaching treatability plan is 
graphically demonstrated in Figure 4-2.) The preliminary phase consists of up to three sets of tests: Stage 
1, Stage 2, and Stage 3. In the Stage 1 and 2 tests, the leachates resulting from the application of the 
various acid and EDTA solutions to the samples will be analyzed for lead and uranium. Uranium and lead 
are selected as the target compounds in this study because they are present in greater concentrations than 
thorium or radium. The removal of thorium, uranium, lead, polonium, and radium will be demonstrated 
in the advanced phase. A typical detailed leaching screening plan is shown in Figure 4-3. 
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Preliminary Phase - Stage 1 I Composite Samples 

Acids IC, ICP, AA Tests 
For Lead and Uranium 

IC, ICP, AA Tests 
For Lead and Uranium 

Acid Runs 
L 

c 
TCLP of 

Solid Residue 

Preliminary Phase - Stage 2 
1990/91 Composite Samples 
Silos 1 & 2 - Bentonite Added 

Radiation Analysis of Solids 

Solvent Addition 

IC, ICP, AA Tests 
For Lead and Uranium 

Delete Least 
Effective Solvents 

Advanced Phase 
Leaching on Composite and Bentonite 

Solids - Wash 3 Times (Pb & U in Wash) 

Most Effective 
Acid Runs 

I I I I 
I I 

Fail Fail Reevaluate 
or Delete I 
Ineffective 
Acid Runs :A . . . . . . . . . . . . . . . . . . . . . . . . . .  : RadonEmanation , 

j RadonLeaching 
I and 
Leachate from Effective Acid Runs 

I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - !  t 
To Precipitation Phase 

FIGURE 4-2. OVERALL LEACHING FLOWSHEET - SILOS 1 AND 2 
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2 ml 

+ EDTA Centrifugal/ Syringe 
Extractions Filtration 

J 
Solid Cake 

Fi I t rate l- ' 1 Dilutions 1 

Analysis by 
ICP, IC, AA 

1139 
FIGURE 4-3. DETAILED LEACHING PRELIMINARY SCREENING 
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4.2.1.1 Leaching - Preliminarv Phase - Stage 1 
1990 archive samples will be investigated during this stage. The acid and EDTA leaching experiments 
are listed in Tables 4-2 and 4-3, mpectively. Selected experiments from Table 4-2 will be conducted first 
to determine which acids have promise and the effects of temperature and acid concentration on the metal 
solubilities. In these initial tests, the effect of temperature is measured with the concentrated acids by 
testing them at ambient and 80°C. The effect of acid concentrations is being measured by testing 
concentrated acid and dilute acid at elevated temperatures. For each acid, this entails three test points; 
that is, Run Nos. 1, 2, 6 ,  7, 8, 12, 13, 14, and 18 in Table 4-2 will be conducted first. 

Hydrogen peroxide, chlorine bleach (NaOCl), and femc chloride will be added if it is apparent that 
uranium is not extracting from the solid. Hydrogen peroxide and bleach are added to oxidize lower 
valence uranium species to more soluble uranium (VI) species. Femc chloride is a catalyst for this 
oxidation reaction. 

During this stage, a matrix of experiments is being conducted to determine trends of solubilities. If it is 
apparent from the analytical results that a particular acid is not successfully leaching the metals, the acid 
will be eliminated from further testing. If the analytical results indicate that a particular leachant(s) 
extracts more uranium and lead than another leachant, then it is considered promising. The promising 
leachant may be investigated further to better define the effect of acid concentrations and temperature on 
the solubilities. 

The appropriate omitted experiments from Table 4-2 may be conducted if the results indicate that they are 
warranted. Also, if the extraction procedures listed in Table 4-2 are effective, then the EDTA extraction 
procedures (Table 4-3) will be omitted. 

4.2.1.2 Leaching - Preliminary Phase - Stage 2 
After completion of the Stage 1 tests, composite samples from the 1990-91 sampling effort will be tested. 
Bentonite will be added to the samples (20 percent by weight) before testing. Run numbers from Tables 
4-2 and 4-3 will be selected based on the Stage 1 results. 

4.2.1.3 Leaching - Advanced Phase 
The objective of the advanced phase is to demonstrate on larger samples that the leached material is a 
nonhazardous material as defined by RCRA and that uranium, lead, thorium, polonium, and radium were 
successfully leached from the solid. The 5 to 10 treatments from the preliminary phase tests that yield 
leachates with the greatest concentrations of lead and uranium will be repeated on a larger scale 
(presumably 100 to 500 grams). Composite samples with bentonite added will be used. The solid 
material will be filtered and washed three times with deionized water to remove the soluble compounds. 
The leachate and wash water will be analyzed for lead and uranium. The solid material from these latter 
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14 
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18 

TABLE 4-2 

ACID EXTRACTIONS 

50% HOAc (8.8N) X X X 

25% HOAc (4.3N) X X X 

25% HOAc (4.3N) X X X 

12.5% HOAc (2N) X X X 

12.5% HOAc (2N) X X X 

This test program will comprise 108 discrete samples (2 silos X 18 acids X 3 treatments). 

aNitric acid. 
hlydrochloric acid. 
‘Acetic acid. 
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TABLE 4-3 

EDTA EXTRACTIONS 

0.2M X X X 

0.2M X X X 
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experiments will be analyzed at the IT Analytical Services (ITAS)-Oak Ridge Laboratory. The analyses 
will include TCLP analysis to establish that the extracted materials are nonhazardous as defined by RCRA. 
In addition, lead, thorium, radium, polonium, and uranium content will be determined by radiation 
analyses. In the optional, stage radon emission and radon leach tests will be performed on the insoluble 
residue if the combined Ra-226 and Ra-228 levels in the treated residue are below the 4OCFR192.12(a)(2) 

samples will be used for these experiments. 

1 

2 

3 

4 

5 

6 

7 

limit of 15 pCi/g. The 15 pCi/g limit was selected because the waste will ultimately be buried. Archive 

To evaluate Alternatives 8 and 9, the removal effectiveness of the leaching step is the most important step. 8 

9 The results will provide a rough guide by which the viability of remedial action Alternatives 8 and 9 can 
be preliminarily evaluated. IO 

4.2.2 Vitrification of Leachate - Preliminarv Phase - Stage 1 
This laboratory screening will consist of one phase - preliminary phase - Stage 1. The effects of adding 
sodium hydroxide, site fly ash, and site soil will be demonstrated. Except for tests on the dried leachate, 
no experiments will be conducted until the chemical characterization of the leachate, soil, and fly ash are 
completed. As a target, the reagent waste mixture will have between 40 to 60 percent combined SiO, and 
A1203 content and 10 to 20 percent sodium oxide content when dried. It is expected that this range of 
SiO, and A1203 content will produce a durable glass. The melting point of the glass mixture can be 
lowered by increasing the sodium oxide content of the glass. Sodium hydroxide may be added to the 
mixture before heating to increase the sodium oxide content of the vitrified waste (sodium hydroxide is 
converted to sodium oxide during the vitrification process). Enough sodium hydroxide will be added to 
cause the mixture to melt at 12500C in a muffle furnace. This temperature was chosen to give a 
reasonable compromise between the cost of adding sodium oxide content to lower the melting point, the 
expected increase in leachability as the melting point of mixture is lowered, and the energy cost to melt 
and form the vitrified material. It is generally recognized in the glass manufacturing industry by 
companies such as Corning that to form homogenous and durable glass mixture with hazardous waste, 
melt temperatures between 1250' and 13500C are needed. If this process is carried forward to the remedy 
design phase, the effect of melt temperature may be investigated. 

Figure 4 4  presents a flow sheet for the vitrification process. The leachate will be analyzed on a dry basis 
for the content of total aluminum as alumina, silicon as silica, and sodium as sodium oxide. The leachate 
will be slowly dried in a beaker on a hot plate. Using the chemical analyses of the leachate, fly ash, and 
soil as guide, a series of range-finding experiments will be performed. Various amounts of sodium 
hydroxide will be added to mixtures of waste, fly ash, and soil to determine the sodium hydroxide 
concentration needed to lower the melting point temperature to about 12500C. These range- finding 
experiments will be followed by an experimental matrix similar to Table 4-4. The ranges given in Table 
4-4 may be changed after completion of the range-finding experiments and consideration of the chemical n u  
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c 

Fly Ash c 

Leachate from Effective Acid or EDTA Runs 

Mix Reagents with 
Dried Leachate 

(Table 4-4) 

I 
Analysis of Leachate I 

Condensate 
Evaporate Leachate 

to Dry Solids I I 
Range Finding 

Melt in Furnace 

i 
Bulking Factor w 

FIGURE 4-4. VITRIFICATION FLOWSHEET 
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TABLE 4-4 

VITRIFICATION EXPERIMENT MATRIX 

0 0 0 

0 100 0 

0 0 100 

10 100 0 

10 0 100 

20 100 0 

20 0 100 
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analysis of the leachate, soil, and fly ash. In the optional stage, radon emission and radon leach tests will 
be performed on the vitrified material. Archive samples will be used for these experiments. 

According to Table 44, sodium hydroxide will be added at three levels: 0 percent, 10 percent, and 20 
percent of the dry weight of the waste. The site fly ash and soil will be added at 100 percent of the dry 
weight of the waste. 

For each of the experiments that are not range-finding experiments, the bulking factor will be recorded. 
MTCLP and FCT leaching tests will be performed. Radon emission tests will be conducted. 

4.2.3 Leaching Time and TemDerature - Preliminary Phase - Stage 1 
This set of experiments will use the most promising formulation from Section 4.2.1.3. Initial range- 
finding experiments will be conducted to determine the maximum time the samples will be extracted in 
the later statistical experiments. The samples will be extracted at 80°C for 7 and 24 hours. Uranium will 
be analyzed by IC. Lead will be checked with the ICP. If the concentrations of uranium and lead in the 
leachate are similar for the two experiments, the seven-hour extraction times will be used as the maximum 
extraction time in the statistical study. Otherwise, the maximum time will be 24 hours. The range-finding 
experimental matrix is in Table 4-5A. 

The proposed statistical matrix is in Table 4-5B. Experiment Numbers 1 through 5, in Table 4-5B, are 
constructed in a two by two factorial experimental design matrix with a center point. The minimum 
temperature and time of extraction are 25OC and one hour. The maximum temperature and time of 
extraction are 80°C and seven hours. The proposed maximum time of extraction may be increased as a 
result of the range-finding experiments. 

Ten- to twenty-gram composite samples with 20 percent bentonite will be used in these experiments. A 
mathematical model will be derived from these experiments. An experiment at the optimum conditions 
predicted from the mathematical model will be completed. 

4.2.4 Washing Studies - Preliminary Phase - Stage 1 

Washing studies of the leached solid will be executed using washing data from Section 4.2.1 as a guide. 
Fifty grams of sample will be extracted for these tests. The frlter cake will be washed 10 times with 
deionized water in a buchner funnel. The volume of each wash will be half the volume of the leachate 
solution. The uranium and lead content in each wash liquor will be tested by IC and ICP, respectively. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

2n 

21 

2.2 

23 

24 

25 

26 

n 
23 



RUFS Treatability Work Plan 
January 2.1992 
Vol. WP-Section 4.0 
Page 20 of 27 24 71 

1 

2 

TABLE 4-SA 

RANGE-FINDING LEACHING TIME MATRIX 

100 7 

100 24 

TABLE 4-SB 

LEACHING TIME AND TEMPERATURE MATRIX 

2 25 7 

3 100 1 

4 100 7 

5 62.5 4 
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4.2.5 PreciDitation of Metals in the Leachate Solutions 1 

4.2.5.1 Precipitation of Metals in the Leachate Solutions - Preliminan Phase - Stage 1 

Acid Extractions Solution 
Precipitation reagents will be added to aliquots (3 to 5 cc) of the leachate solutions from Section 4.2.1.3. 
The reagents to be investigated are the sodium or potassium salt solutions of hydroxide, sulfide, sulfate, 
carbonate, and phosphate. Alum, femc sulfate, and aqyeous sodium silicate (N%O: SiOJ will also be 
investigated. Alum and femc sulfate additions will be followed by the appropriate pH adjustments. 
Slumes of magnesium oxide and calcium hydroxide and dolomitic lime will also be tested. The solutions 
will be either syringe-filtered or filtered through a centrifugal microfilter using a 0.45-micron filter. The 
filtrate will be analyzed for uranium and lead as noted in Appendix B. 

A 0.45- micron filter is used to determine if a removable precipitate is formed. If larger particulates are 
needed to improve filtrations or settling, polymer addition and a filter aid may be used. 

A series of reagents will also be added in a sequential order where the "first addition" reagent is added 
and allowed to react before the "second addition" reagent is added. A list of the tests using sequential 
addition is in Table 4-6. A flow sheet for precipitation of extracted metals is given Figure 4-5. 

The most promising reagent formulations will be determined by use of professional judgment. The 
experiments will note the appearance of turbidity and precipitation in the solution. Correlations between 
change in pH and onset of turbidity and precipitation, and correlations of pH with volume or weight of 
titrant added will be noted. The experiments will also note the rate of setting and which reagents lower 
the uranium and the lead the most. The general procedure of this work plan is an iterative process where 
the results from matrices of experiments are used to determine the course of the next set of experiments. 

EDTA Chelant Extraction Liauid Decontamination 
The metal-laden chelant solution from the most promising extraction treatment will be treated for metals 
removal from the liquid by the following methods. The methods are listed in order of testing sequence. 
If one of the bulleted methods work, the methods listed in subsequent bullets may not be tested. 

0 Alkaline precipitation - Tests will be performed by addition of sodium hydroxide, 
N%CO,, or Na,PO, to the liquid. Filtration and subsequent analysis of the mated liquid 
will determine the effectiveness of the treatment. If none of the above are successful, a 
preliminary treatment with Fe3' (to displace other metals) will be used, followed by 
alkaline precipitation. 

0 Insoluble chelant treatment - Tests will include matment with and without Fe3' prelimi- 
nary addition at a pH 3 of 6 (to displace other metals), followed by addition of another 
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N+O:SiO, 
N%O:SiO, 
NA,O: SiO, 
N+O: SiO, 
N+O:SiO, 
N+O:SiO, 

MgO 
MgO 
MgO 

NaOH 
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NaOH 
Na3P04 
Na,C03 

Na,S 
MgO 

Ca(OH), 

Na3P04 
Na2C03 

Na,S 

Na3P04 
Na,C03 

Na,S 
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TABLE 4-6 

PRECIPITATION OF LEACHATE SOLUTION 

Na3P04 
Na3P04 
Na3P04 

NaOH 
MgO 

Ca(OH), 

n 49 
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FIGURE 4-5. PRECl PITATION FLOWSHEET 
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organic chelant that forms a stronger insoluble complex. The correct pH (using sodium 
hydroxide addition) will be determined empirically based on previous experience. 

1 

2 

e Electrochemical treatment - An electrochemical cell can be used to remove metals while 
regenerating the chelant extraction liquid. This process consists of an electrochemical cell 
divided into two chambers by a cationic ion exchange membrane. One chamber contains 

During the process, metals are plated at the cathode while Na+ ions migrate across the 

3 

4 

5 

6 
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8 

the cathode and metal chelate solution, and the second contains Na&O, and the anode. 

cationic exchange membrane to place the working chelant in the Na' form. 

e Sodium sulfide treatment - If none of the above treatments are successful. sodium sulfide 
will be added to the metal chelate liquid to produce the insoluble metal sulfides. After 
filtration of the precipitate, samples will be analyzed for metals. 

9 

10 

11 

4.2.5.2 PreciDitation of Metals in the Leachate Solutions - Preliminarv Phase - Stage 2 12 

13 

14 

15 

content. 16 

Larger aliquots (50 to 100 cc) of the leachate solution will be tested with the most promising precipitation 
reagents from Section 4.2.5.1. Aliquots of these mixtures will be Settling rates will be determined. 
filtered or centrifuged. Solutions from the latter two operations will be tested for uranium and lead 

Note, if three or more precipitation tests are necessary, then further composite waste samples (presumably 
300 to 500 grams) will need to be extracted to finish the tests. 

17 

18 

4.2.5.3 k c i d a t i o n  of Metals in the Leachate Solution - Settling - Polvmer - Preliminarv Phase - 

If settling or filtration rates are very slow, then jar tests using inorganic coagulants (such as femc sulfate) 
and/or organic polymers (such as Nalco #7768 anionic polymer). Preliminary range finder tests will be 
performed with up to 10 different reagent combinations, incrementally adding the reagents until the 
appearance of floc. The most promising treatment, based on dosage versus sludge volume and effluent 
quality, will be tested at four different dosages to determine the most effective reagent dosage. A settling 
test will be run on the best treatment and dosage. The clear supernatant liquid will be sampled and 
analyzed for total and dissolved lead and uranium. 

Stape 2 

4.2.5.4 kciDitation of Metals in the Leachate Solutions - Settling - Filter Aid - Preliminarv Phase - 
Stage 2 

If the filtration rates are slow, these tests will be conducted. The feed solids concentration will be adjusted 
to pumpable solids concentration and the body feed concentrations to three different dosages of filter aid. 
Filter aid concentrations will be those recommended by the manufacturer. The treated samples will be 
filtered in a buchner funnel. The optimum dose of reagents will be that producing the driest cake and the 
most filtrate in the shortest time. The filtrate will be analyzed to determine if the process successfully 

lowered the metal content. 1511 
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4.2.5.5 PreciDitation of Metals in the Leachate Solutions - Ion Exchange - Preliminaw Phase - Stage 2 
Ion exchange will be tested as a final polishing step for precipitation/filtration-treated extraction liquid. 
This testing will consist of 10 isotherms using several different ion exchange resins. 

4.2.6 Stabilization of PreciDitated Material - Preliminaw Phase - Stage 1 

The most effective stabilization reagents determined from the screening described in Section 4.1 will be 
used as a guide in determining the formulations to investigate. Up to 10 formulations will be examined 
with the precipitated material. Precipitated material generated in the conduct of Section 4.2.2 will be used. 
Shear strength and temperature rise will be recorded within 10 minutes of mixing. Volume increase will 
be measured by water displacement. UCS testing will be done if there is enough material to make suitable 
molds to test. MTCLPs will be performed on those samples with UCSs of approximateIy 500 psi. If 
UCSs are not done, then MTCLPs will be performed on all samples. If necessary, more waste will be 
extracted to produce the leachate and metal precipitate for this process. As an optional step, radon 
emission and radon leach tests will be conducted on the stabilized solid; archive samples will be used for 
these experiments. Figure 4-5 shows how stabilization fits into the metals extraction studies. 

4.2.7 Data Reauired 
The following data will be recorded during the leachant screening: 

0 Acid (solvent) and concentration 
0 Quantity of acid 
0 Quantity of waste 

0 Percent bentonite in waste 
0 Description of uranium and lead analyses results 

TCLP of insoluble residue (Stage 3 screening) 0 

The following data will be recorded during the precipitation screening: 

0 Quantity and type of solvent used to produce leachate 
0 Precipitation reagents and quantities 
0 Lead and uranium in fdtrate 

The following data will be recorded during the precipitation secondary chemical treatment tests: 

0 Leachate being tested 
a Polymers, coagulants, Nalmet 8154, and filter aid added, and their dosages 

Lead and uranium before and after addition of any polymers, coagulants, and filter aid 0 

The following data will be recorded during cement stabilization of precipitated material: 

0 UCS as measured by a laboratory SOP (SOP No. TCL 1109, Appendix B) (if adequate 

n52 material to make molds). 
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8 MTCLP 1 

8 Bulking factor 2 

8 Waste form temperature rise after waste and reagents are mixed and the time between 
mixing and temperature measurement 4 

3 

8 Approximate shear smngth measured within 10 minutes of when waste and reagents are 5 
mixed 6 

8 Physical characteristics: percent moisture and bulk density 7 

8 Amount of water added to each waste form 8 

8 The maximum particle size treated; weight and percentage of material sieved from the raw 9 
waste before ueatment 10 

8 General description of the waste form before and after reagents are mixed. This includes 1 1  

a description of any grinding of the sample to meet particle size requirements for UCS 12 

and if the sample was difficult to mix with the reagent 13 

8 Description of vapor or gas released during mixing and during curing of mixture 14 

8 pH and Eh of mixture before adding mixture to molds 15 

pH of MTCLP extraction fluids 16 

8 Radon emanation test results for the solidified material 17 

8 Radon leaching test results for the solidified material 18 

The following data will be recorded during the vitrification screening: 19 

MTCLP 
PCT 
Weights of reagents and waste in final waste form 
Temperature of oven 
Time heating sample 
Bulking factor 
General description of the waste before and after melting 
Physical characteristics: percent moisture, bulk density 
Radon emission tests results 

20 

21 
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23 

24 

25 

26 

2i 
28 

The following data will be recorded'during the leaching time and temperature tests: 29 

8 Solvents being tested 
8 Quantity of waste and solvent being tested 

Lead and uranium in the leachate as a function of time 8 

30 

31 

32 
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The following data will be recorded during the washing studies tests: 

0 Type of solvent used for leaching 
Quantity of leached solid being rinsed 
Quantity of water used for each rinse 
Uranium and lead in each batch of rinse water 

0 

0 

0 
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5.0 EQUIPMENT AND MATERIALS 

See Table 5-1 for a listing of the major equipment to be used during the laboratory screening. 
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1 

1 

TABLE 5-1 

EQUIPMENT AND MATERIALS 

Soiltest laboratory vibrating table 

Thermometer. calibrated and traceable 

II Multiple 

1 

Multiple 

1 

Multiple 

II Multiple 

Aluminum heating block 

2 x 4 Jatco Co. plastic molds for UCS 

Centrifuge 

50 cc centrifuge tubes 

II Multiple 

50 

Plastic containers, 5 oz and 8 oz 

Spatulas 

Crucibles 

HACH digital pH meter 

Glass melter furnace 

TFE bombs 

I I  I 

II 2 I HACH COD digesters Model 45600-00 and associated vial 
II I 

1 I Scale, calibrated 

II I II 1 I Hobart quart or equivalent planetary mixer 

II 1 I alpha survey meter and beta, gamma scanner 

I1 1 I Soiltest Torvane 

Note: This equipment list does not include analytical instrumentation for leachate analyses; equipment 
for TCLP, PC", or 5-day static leach tests; equipment for radon emanation and leaching, weddry 
tests, or freezehhaw tests; or general laboratory equipment. 

FERJXJ4-6IJ'IC.%l.SAn 2-2391 
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6.0 SAMPLING AND ANALYSIS 

In 1989, the K-65 Silos 1 and 2 in addition to Metal Oxide Silo 3 was sampled by WEMCO. 
Although the sampling efforts for Metal Oxide Silo 3 was fairly successful, the sampling efforts for 
Silos 1 and 2 with a average sample recovery of 9 percent was not successful. The silo material from 
Zones A and B from Silos 1 and 2 was sent for laboratory analysis and archived. In 1990 and 1991, a 
new sampling attempt was conducted on K-65 silos 1 and 2 by Advanced Sciences, Inc./lT 
Corporation (ASI/IT) that was successful. The silo material recovered in 1990 was primarily from the 
southwest manway of each silo, which was archived at the time for future material needs. In 1991, 
sampling of the remaining manway of the two silos was completed. Due to the large volume of . 
material required by the IT and WEMCO treatability studies, it was necessary to combine the 1990 
archived material with the 1991 silo material. This material was consolidated to give complete Zone 
A, Zone B, Zone C, and Zone A, B, C composites for each silo. Undisturbed samples from each 
manway sampled has been retrieved for geotechnical analysis. The 1989 archived silo material will 
only be used for the optional phase of the treatability studies. 

A review of the Characterization Investigation Study (CIS) (Weston 1986) data revealed additional 
requirements for Silos 1 and 2. These data are needed for the final design of the remedial actions and 
also for the evaluation of the risks associated with remediation. Consequently, a Sampling and 
Analysis Plan (SAP) for resamplhg Silos 1 and 2 has been prepared and approved. Actual field 
sampling ended in August 1991. The samples taken in this sampling program will be used for this 
laboratory screening. 

A total of 24 samples were taken from Silos 1 and 2 under the sampling program (Figures 6-1, 6-2, 
and 6-3). The spatial variability of the silo contents considered both horizontal and vertical variability. 
The known disposal history indicated that the K-65 residuals are homogeneous in the horizontal 
direction and nonhomogeneous in the vertical direction. The 1990 resampling program established, 
through a visual observation of archive samples recovered from the southwest manways of Silos 1 and 
2, that there is not a continuous strata variability in the vertical direction. 

According to the SAP, a full range of radionuclide, organic, and inorganic analyses will be conducted 
on the retrieved samples. These analyses are listed in Table 6-1. For the material to be treated, this 
study requires that the presence and concentrations of a number of analytes be known as well as a 
number of physical parameters. The analytes and physical parameters are of interest because their 
presence andlor high concentrations may have adverse effects on the proposed cement stabilization, 
chemical separation, and vitrification testing. The tests to determine physical parameters are listed in 
Table 6-2. Silo 3 was sampled under the 1989 program carried out by WEMCO. Results of the 
analyses for radionuclides, inorganics, and organics are given in Appendix D. 157 
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SlLO#l (Sl) 

SILO #2 (S2) 

General Sample nomenclature is as follows: 

Silo Number - Manway I.D. - Zone I.D. - Section I.D. 
Example: 2Sl-SW-A-1 indicates second sampling period, 
Silo 1 - Southwest manway - Zone A - Section 1 

FIGURE 61.  IDENTIFICATION OF CORE SAMPLES 
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2S1-NW 
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4 

2Sl-NE 

5 

2S2-SE 

1 
4 

2S2-NW 

[ 
4 

2S2-NE 

SILO CONTENT MATERIAL SAMPLE CORE SUBSAMPLES SHALL BE TAKEN FROM ALL 
OF THE SPECIFIED ZONES ABOVE. THESE ZONES SHALL BE DETERMINED BY THE 

ONE-THIRD INCREMENT IN WHICH EACH MANWAY IS SAMPLED. ALL SECTIONS SHALL 

BE BETWEEN 12 AND 18 INCHES IN LENGTH. A COMPOSITE SAMPLE SHALL BE 
COLLECTED FROM EACH ZONE FOR ANALYTICAL TESTS SUCH AS HSL INORGANICS, 
HSL ORGANICS, TCLP ORGANICS, TCLP METALS, AND RADIONUCLIDES. A HIGH 

RADIOLOGICALSAMPLE SHALL BE TAKEN FROM ONE SECTION PER MANWAY CORE. 

FIGURE 6-2. SECTIONING OF SE, NW, AND NE SAMPLE CORES 
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2S2-NW 

THESE, NW, AND NE SAMPLE CORES WILL BE SUBSAMPLED FOR ENGINEERING 

TESTS. THREE COMPOSITED SAMPLES FROM EACH SILO WILL BE MADE UP OF 

SUBSAMPLES FROM THE SAME HORIZONTAL LAYERS (ZONES). CRITERIA TO SELECT 

SPECIFIC ZONES FROM EACH CORE FOR SAMPLING WILL BE BASED ON SAME CRITERIA 

USED IN SECTIONING NE, SE, AND NW CORES LESS THE RADIOLOGICALLY MOST 

ACTIVE ZONE CRITERIA. 

FIGURE 6-3. SUBSAMPLING OF SAMPLE CORES FOR ENGINEERING TESTS 
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Radiological: 

TABLE 6-1 

I 24 

ANALYTICAL CHARACTERIZATION PARAMETERS 
FOR SILOS 1 AND 2 IN OPERABLE UNIT 4 

I 

Isotopic uranium 
Isotopic thorium 
Isotopic radium 
Lead-2 10 
Gamma specmscopy 
Total uranium 
Polonium-2 10 
Protactinium-23 1 
Actinium-227 

Chemical: 
TAL inorganicsa 
HSL volatiles 
HSL semivolatiles and tributylphosphate 
HSL pesticides and PCBs (if positive hits, confirm 
by GC/MS) 
TCLPmetals 
TCLP organics 

General Chemistry: 
Total phosphorous 
Total organic carbon 
Ammonia 
Total Kjeldahl nitrogen 
Total organic nitrogen 
Oilandgrease 
Soil pH 
Bromide (by ion chromatograp..y) 
Chloride (by ion chromatography) 
Nitrate (by ion chromatography) 
Sulfate (by ion chromatography) 

"Plus boron, cobalt, and thallium. 

24 

18 
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Water Content Determination 

Atterberg Limits 

Specific Gravity Determination 

TABLE 6-2 

GEOTECHNICALh’HYSICAL TESTS 

8 

8 

8 

D22 16-80 

One-Dimensional Consolidation 

Maximum Index Drained Triaxial Density 

D43 18-84 

8 

6 

D854-83 

D422-63 

D2435-80 

D4253-83 

D4254-83 

No ASTM Designation 

D698-78 

D1557-78 

No ASTM Designation 
Department of Army 
EM 11 10-2-1906 

Grain Size Distribution with Hydrometer 
Analysis 

8 

Standard Proctor 

Modified Proctor 

Consolidated Undrained Triaxial with 
Pore pressure 

6 

8 

6 

I 

aAmerican Society of Testing and Materials. 
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7.0 DATA MANAGEMENT 1 

7.1 GENERAL 2 

This section pertains to work performed at the Technology Development Laboratory (TDL) only. Two 
types of laboratory notebooks will be used for this project. AU laboratory notebooks are uniquely 
numbered and permanently bound with sequentially numbered pages. 

3 

4 

5 

Project-specific notebooks will be signed out by the facility quality control coordinator (QCC) to the 6 

7 

8 

individuals working on the project. AU daily laboratory activities associated with the project will be 

Appendix B. 9 

recorded in the project-specific notebooks. Refer to the Standard Operating Procedure (SOP) in 

Separate nonproject-specific logbooks will be used to record the injection or introduction of samples 
into analytical instrumentation. These logbooks are also used to record maintenance or problems with 
the instrument. Refer to the SOP in Appendix B. 12 

10 

11 

At the completion of the project, the project-specific laboratory notebooks and logbooks will be 13 

14 returned to the facility QCC for retention. Instrument logbooks are returned to the facility QCC when 
the books are filled. IS 

All records management and reporting will follow standard QA/QC protocol in the Quality Assurance 
Project Plan (QAPP) and Volume 4 of the RI/FS Work Plan. Standard QNQC protocol, as it applies 
to testing within the laboratory, will adhere to the following guidelines: 

One hundred percent verification on all numerical results - Transcriptions and calcula- 
tions are checked and recalculated. 

Data validation through test reasonableness - Summaries of all test results for individual 
reports are reviewed to determine the overall reasonableness of data and to determine 
the presence of any data that may be considered outliers. 

Routine instrument calibration will be performed under guidance from the QAPP. 

Use of trained personnel conducting tests - All technicians are trained in the application 
of standard laboratory procedures for analyses as well as the QA measures implemented 
for internal QC checks. 
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7.2 STABILIZATION 1 

SDikes 2 

TCLP - During the site characterization, the TCLP leachate from the sample will be 
spiked. Spike recovery will be calculated separately for each silo (1,  2, 3) and for each 
zone (A, B, C). These spike recovery values will be used with all subsequent TCLP 

3 

4 

5 

results. 6 

Blanks 

Reagent blank - Solidify sand or quartz; run TCLP on solidified mass. 
Radionuclide test will use a water blank. 
TCLP will use the Oak Ridge laboratory blank. 

DuDlicate Analvsis 

. There will be a 20 percent experimental duplicate of all tests during the advanced phase. 

7.3 LEACHING/F’RECIPITATION/STABlLIZATION/VITRIFICATION 

SDikes 

TCLP - During the site characterization, the TCLP leachate from the sample will be 
spiked. Spike recovery will be calculated separately for each silo (1, 2, 3) and for each 
zone (A, B, C). These spike recovery values will be used with all subsequent TCLP 
results. 

Blanks 

Radionuclide test will use a water blank. 
TCLP will use the Oak Ridge laboratory blank. 

DuDlicate Analysis 

There will be 20 percent experimental duplicate of all tests during the advanced phase 

i 
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8.0 DATA ANALYSIS AND INTERPRETATION 1 

8.1 EFFECTIVENESS OF WASTE FORMS 
The results of the leaching tests (MTCLP, TCLP, P a ,  and 5-day static) will be used to evaluate the 
long-term effectiveness of each waste form. The concentrations of radioactive and hazardous 
constituents in the TCLP leachate (and possibly I" and 5-day static) will be used as input into the 
geochemical models described in the draft RVFS Risk Assessment Work Plan Addendum on Risk 
Assessment methodology. These models will be used with gmundwater fate and transport models, 
which will then be used to calculate concentrations of contaminants in the aquifer at the reasonable 
maximum exposure. These concentrations will in turn be used to calculate the magnitude of that 
exposure, and the resulting risks to human health and the environment. Fate and transport models are 
discussed in the draft "Risk Assessment Work Plan Addendum" (DOE 1991). 

8.2 STABILIZATION 
The reagent formulation along with the following data will be presented in tabular form: 

0 

0 

0 

0 

0 

0 

0 

0 

Waste form temperature rise after waste and reagents are mixed, and time between 
mixing and temperature measurements 

General descriptions of the waste before and after reagent addition. This includes a 
description of any grinding of the sample to meet particle size requirements for UCS. 

Approximate shear strength measured within 10 minutes of when waste and reagents are 
mixed 

Physical characteristics: percent moisture, bulk density 

Amount of water, raw waste, and reagents added to each waste fonn 

ucs (SOP TDL 1109) 

Permeability (for advanced screening) 

Bulking factor 

The maximum particle size treated; weight and percentage of material sieved from the 
raw waste before treatment 

Description of gases or vapors released during mixing and during curing of mixture 

Physical appearance of mold after 90day soak in deionized water in optional phase 

pH and Eh of the reagent waste mixture before adding mixture to molds 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

n 

28 

29 
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pH of MTCLP and TCLP extraction fluids, pH of TCLP extraction fluid determination 
test 

1 

2 

pH of 5-day static leach solution 3 

pH and Eh of slightly wet water mixture 4 

pH of W a y  leach solution in optional phase 

Radon emission test results in advanced phase 6 

MTCLP (for preliminary phase) 1 

5-day static (for advanced phase) 8 

TCLP (for advance phase). TCLP results will be reported three ways: (1) actual 
analysis of extract, (2) results corrected for spike recovery, and (3) results corrected for 
spike recovery and dilution by stabilization reagents. 

9 

10 

11 

8.3 LEACHING/PRECIPITATION/STABILIZATION/VITFUFICATION 12 

13 

14 

IS 

8.3.1 Leaching 
The following data will be evaluated and presented in tabular form for all preliminary phase Stage 1 
tests: 

Acid (solvent) and concentration 
Quantity of acid 
Quantity of waste 
Description of uranium and lead analyses results 

16 

17 

18 

19 

The data recorded for preliminary phase Stage 2 will be the same parameters as for Stage 1, except 
that Stage 2 will also include 20 percent bentonite. 

20 

21 

Advanced phase data will be presented as in Stage 2, with the addition of the following parameters for 
each test run: 

22 

23 

TCLP of insoluble residue 
Uranium, thorium, radium, and lead content of insoluble residue 

24 

25 

26 

n 
8.3.2 PreciDitation 
The following data will be presented in tabular form for each experimental run: 

Quantity and type of solvent used to produce leachate 
Precipitation reagents and quantities 166 

28 

29 
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Lead and uranium in filtrate 1 

The following data from the secondary chemical treatment tests will be tabulated: 2 

Leachate being tested 3 

Polymers, coagulants, Nalmet 8154, and filter aid added, and their dosages 
Lead and uranium before and after addition of any polymers, coagulants, and filter aid 

4 

5 

8.3.3 Stabilization 
The following data will be tabulated for each stabilization test of precipitated material: 

6 

I 

UCS measured according to SOP TDL 1109 8 

MTCLP 9 

Bulking factor 10 

Waste form temperature rise after waste and reagents are mixed and the time between 
mixing and temperature measurement 12 

11 

General descriptions of the waste before and after reagent addition 13 

Approximate shear strength measured within 10 minutes of when waste and reagents are 14 

mixed 15 

Physical characteristics: percent moisture, bulk density 16 

Amount of water, treated waste, and reagents added to each waste form 

Radon emissions test results for the solidified material 

Maximum particle size treated; weight and percent of material sieved from the raw 
waste before treatment 

Description of gases or vapors released during mixing and during curing of mixture 

Physical appearance of mold after 90-day soak in deionized water 

pH and Eh of the reagent waste mixture before adding mixture to molds 

pH of MTCLP extraction fluids 

8.3.4 Vitrification 
The following data will be tabulated for the vitrification screening: 

MTCLP 867 

17 

18 

19 

20 

21 

22 

23 

25 

26 

n 



PCT 
Weights of reagents and waste in final waste form 
Temperature of oven 
Heating time of sample 
Bullring factor 
General description of the waste before and after melting 
Physical characteristics: percent moisture, bulk density 
Radon emissions test results 

8.3.5 Leaching Time and Temmrature 
The following data will be presented in tabular form: 

Solvents being tested 
Quantity of waste and solvent being tested 
Lead and uranium in the leachate as a function of time 

8.3.6 Number of Washes 
The following data will be tabulated for each leached solid being tested: 

Type of solvent used for leaching 
Quantity of leached solid being rinsed 
Quantity of water used for each rinse 
Uranium and lead in each batch of rinse water 
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8.4 PROCEDURES USED TO ASSESS DATA PRECISION. ACCURACY, AND COMPLETENESS 
The following are procedures used to assess data precision, accuracy, and completeness: 

Calculations of precision, accuracy, and completeness will be used to assess data quality. These 
formulas can be found in Trepaxing Perfect Project Plans" @PA 1989b). 

Example calculations of precision: 

(C,-C,) x 100% 

(C, + c p  
RPD = 

where 
RPD = relative percent difference 
C, 
C, 

= larger of the two observed values 
= smaller of the two observed values 
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Example calculation of accuracy: 

100% x (S -v) 

csla 
%R = 

where 
%R = percent recovery 
S 
U 
C,, = actual concentration of spike added 

= measured concentration in spiked aliquot 
= measured concentration in unspiked aliquot 

Example of calculation of completeness: 

V %C = 100% x - 
n 

where 
%C = percent completeness 
V 
n 

= number of measurements judged valid 
= total number of measurements necessary to achieve a specified statistical level of 

confidence in decision making 

An example of the TDL form used for reporting precision of duplicates and accuracy of spikes is 
given in Figure 8- 1. 

1 
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Figure 8-1 
General QNQC Report 

Analyte: 
Matrix: 
Sample Number: 

Precision of Duplicates 
Spike Value (b)= 
Spike Dup. Value (a)= 

Precision (RPD') 

Accuracy of Spike 
Original Value (a)= 
Observed Spike Value (b)= 
Spike Level (c)= 

Accuracy= 

la-bl x 100% = 
(a+b)/2 

- b-a x 100% = 
C 

Accuracy of Spike Dup. 
Original Value (a)= 
Observed Spike Dup. Value (b)= 
Spike Level (c) = 

Accuracy = 
- b-a x 100% = 

C 

Conc. 
0 



RI/FS Treatability Work Plan 
January 2,1992 
Vol. WP-Section 9.0 2 4 7 1 
Page 1 of 1 

9.0 HEALTH AND SAFETY 

An alpha-CAM detector will be used to measure radon emissions continuously during testing. The 
primary purpose of alpha-CAM is for the health and safety of the laboratory personnel. 

The radon emissions will be minimal in the treatability study. This is based on the following assump 
tions: 

. Radon and radium are in secular equilibrium in the contained sample. 

The radium concentration is 192,600 pCi/g (Operable Unit 4 Remedial Investigation 
Report). 

Upon opening the sample container, all of the enclosed radon will escape immediately 
and be captured by the hood. 

After the initial radon cloud is emitted, the contained radium will continue to decay into 
radon, which will escape immediately and be captured by the hood. 

. The initial sample weighs five pounds. 

The worst-case calculations indicate that the instantaneous release of radon upon opening the container 
will be approximately 0.4 mCi, and the radon rate from a single opened sample container will be less 
than 3.6 pCi/hr. Samples will be handled inside the hood. The hood will use carbon adsohrs and 
highefficiency particulate air (HEPA) filtration (in series), which is considered the best available 
technology to control emissions. 

See Appendix A for the site-specific health and safety plan. 
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10.0 RESIDUALS MANAGEMENT 

10.1 STABILIZATION OF SILOS 1 AND 2 AND SILO 3 MATERIALS 
The project will generate from 24 to 37 kg of treated solid waste. 

10.2 LEACHING/ANALYSIS/DISPOSAL OF SILOS 1 AND 2 AND SILO 3 MATERIALS 
The project will generate approximately 2000 to 6600 grams of radioactive waste residue (Silos 1 and 
2 material) resulting from the acid/EDTA leaching process. These residues will be sent to IT’S Oak 
Ridge Laboratory or other QAPP laboratory for analysis and then will be shipped to DOE’s FEMP 
integrator or environmental remediation management contractor for disposal. 

10.3 STABILIZATION/VITRIF);ICATION OF LEACHED WASTE 
The total amount of residue will depend on the metal concentration in the waste. Potentially, 10 to 
20 kg of solid waste will need to be leached to produce enough leachate for the analysis. This would 
produce approximately 3.5 to 7 kg of treated solid waste, 30 to 60 kg of treated leachate, and 30 to 60 
kg of treated wash water. 

10.4 DISPOSAL 
All of the waste materials will be shipped to DOE’s FEMP integrator or environmental remediation 
management contractor for disposal. 
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11.0 COMMUNITY RELATIONS 

Treatability studies and community information and involvement activities are required in the 
CERCLA process. Community relations activities shall be conducted to: (1) support treatability 
studies for Operable Unit 4, (2) explain the role of treatability studies in the RIFS, and (3) raise the 
public’s confidence in cleanup alternatives and technologies identified in the alternatives screening/ 
analysis process and in the preferred alternative for this operable unit. The treatability study 
community relations activities for Operable Unit 4 will comply with the Community Relations Plan 
“Remedial InvestigationFeasibility Study and Removal Actions at the U.S. Department of Energy 
Feed Materials Production Center,” (DOE 1990b). At a minimum, the following community relations 
activities will be conducted to explain treatability studies for Operable Unit 4. 

Community meeting - Held a minimum of three times/year to provide status on cleanup 
issues and to ensure that interested area residents have a routine public forum for receiving 
new information, expressing their views, and getting answers to their questions. Meetings 
will focus on operable unit updates, removal actions, major RWS documents, and other 
appropriate topics. 

Publications - RyFS materials such as progress reports, fact sheets, a community newsletter 
(Fernald Site Cleanup Report), and updates of CERCLA-related activities at the FEMP and 
will include information on treatability study activities for Operable Unit 4. 

Presentations to community groups - Information about treatability studies for this operable 
unit will be included in briefings to community groups in Ross, Crosby, and Morgan town- 
ships, and to Femald Residents for Environmental Safety and Health, as appropriate. Also, 
this information will be included in presentations to other organizations, as requested. 

Key milestones in treatability studies will be identified and progress reported to the community in 
these presentations and publications. These milestones include: 

Submittal of the work plan to DOE and EPA 
EPA approval of the work plan 
Treatability testing 
Submittal of the treatability study report 

Other activities identified in Section 4.0 of the Community Relations Plan may be utilized as 
appropriate to effectively communicate treatability information to the community. Such activities may 
include workshops and community roundtables. 
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12.0 REPORTS 

An interim draft report, which will document the results of the stabilization and leaching tests, will be 
issued following the completion of the preliminary phase. This report will identify the promising 
stabilization formulation and extraction solutions and will recommend whether those procedures be 
further tested in the advanced treatability program. To determine the success of the recommended 
stabilization formulations and extraction solutions, it will be necessary to have the residues and 
leachates analyzed for radium and thorium at IT’S Oak Ridge laboratory. In addition, all raw data will 
be presented in a tabular format. 

The advanced phase report will be issued following the completion of the experimental portion of the 
advanced tests. This report will identify the stabilization formulations and extraction procedures that 
are promising and that identify any problems. To determine the success of the recommended 
stabilization formulations and extraction solutions in removing contaminants, it will be necessary to 
have the residues analyzed at IT’S Oak Ridge laboratory. The following outline can be used as a 
guide when preparing the reports: 

SUGGESTED ORGANIZATION OF TREATABILITY STUDY REPORT 

1.0 Introduction 
1.1 Site Description 

1.1.1 Site Name and Location 
1.1.2 History of Operations 
1.1.3 

1.2.1 Waste Matrices 
1.2.2 PollutantsKhemicals 

1.3 Remedial Technology Description 
1.3.1 Treatment Process and Scale 
1.3.2 Operating Features 
Previous Treatability Studies at the Site 

Prior Removal and Remediation Activities 
1.2 Waste Stream Description 

1.4 

2.1 Conclusions 
2.2 Recommendations 

3.1 Test Objectives and Rationale 
3.2 Experimental Design and Procedures 

2.0 Conclusions and Recommendations 

3.0 Treatability Study Approach 
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3.3 Equipment and Materials 
3.4 Sampling and Analysis 

3.4.1 Waste Stream 
3.4.2 Treatment Process 

3.5 Data Management 
3.6 Deviations 

4.0 Results and Discussion 
4.1 Data Analysis and Interpretation 

4.1.1 
4.1.2 
4.1.3 Comparison to Test Objectives 

Costs/Schedule for Performing the Treatability Study 

Analysis of Waste Stream Characteristics 
Analysis of Treatability Study Data 

4.2 Quality Assurance/Quality Control 
4.3 
4.4 Key Contacts 

References 
Appendix A - Data Summaries 
Appendix B - Standard Operating Procedures 
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13.0 SCHEDULE 

The schedule to complete a l l  treatability-related activities is shown in Figure 13-1. The activities and 
dates are based on the Operable Unit 4 Consent Agreement Schedule. 
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14.0 MANAGEMENT AND STAFFING 1 

An organizational chart for the management of the Operable Unit 4 treatability study is provided in 
Figure 14-1. The principal parties include: DOE Femald, WEMCO, ASI/IT, and IT Technology 
Development Laboratory. 4 

2 

3 

Personnel involved in the management of the entire RIPS include: Jack Craig, DOE RI/FS Project 

who serves as Deputy Project Director and is responsible for the technical content within all of the 

5 

6 

7 

RWS consultant’s documents. 8 

Director, John Wood, ASI/IT’s Project Director for the RIPS consultant; and ASI/IT’s John Razor, 

Additional personnel involved in the management of RIPS treatability programs for all operable units 
include Dr. Ed Hopson, ASI/IT’s Technical Integration Manager, who is responsible for the RI, 
National Environmental Policy Act of 1969 (NEPA), and Treatability. Also, Sam Wolinsky serves as 
treatability coordinator for all operable unit treatability studies performed by the RWS consultant. 

9 

10 

11 

12 

Those personnel specifically involved in Operable Unit 4 include: Randi Allen, the DOE operable unit 
manager, Dennis Nixon, WEMCO’s (the integration contractor) operable unit manager; and Steve 

13 
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17 

Hammitt, operable unit manager for Parsons, the remedy design contractor. Susan Rhyne of ASWT 
serves as the RIPS consultant operable unit manager and is the focal point for supervision of the 
laboratory performing the treatability study. 

The IT TDL personnel will perform the actual treatability testing. Those personnel includc Ed 
Alperin, Laboratory Manager, who is responsible for all of the treatability testing programs within the 

18 

19 

treatability laboratory. Darrell Drouhard, Project ManagerEngineer, coordinates all treatability 20 

laboratory work between labs and site. Ernie Stine, Operations Supervisor, is responsible for the 
technical aspects of the treatability programs at the laboratory; Dennis Handly and Ed Morren perform 
most of the experiments; Patti Carswell is responsible for all QA activities and reports directly to Jack 
Hall, Laboratory Director. %I 
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APPENDIX A 

SITE-SPECIFIC SAFETY PLAN FOR THE FERNALD ENVIRONMENTAL 
MANAGEMENT PROJECT 

SILOS 1,2, AND 3 TREATABILITY PROGRAM 
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APPENDIX A 1 

A.l.O TASKS TO BE PERFORMED 2 

Previously collected samples of the K-65 silo contents will be prepared and analyzed in search of 
effective txatment methods. All preparations and analyses will be performed in a high-efficiency 
particulate air (HEPA) filtered hood located in an environmental containment cubicle. The cubicle 

3 

4 

5 

6 will be located in the mixed waste testing area in the IT Environmental Technology Development 
Center. 1 

Job tasks are summarized below. For detailed information, please consult the work plan. 

I. Stabilization 

The following procedures will be conducted in a hood. Samples from each of the silos will be 
sieved through a 3/8-inch screen. The sieved material will be mixed with stabilizing reagents 
in a planetary mixer and then placed in molds. 

11. Metal Extractions 

IIa. Acid Extractions - One gram aliquots of each composite will be weighed and placed in 
HACH digester vials. Room temperature and 100 degree centigrade tests with acid will 
be run for two hours. Acids used for the extractions will be: nitric (60 to 15 percent), 
hydrochloric (36 to 9 percent), acetic (50 to 12.5 percent). 

Liquids will be diluted 1/1,OOO and analyzed for lead content. Reagents involved 
include potassium cyanide and 1 ,l,l-trichloroethane. The chemical oxygen demand 
(COD) vials have been preloaded with potassium cyanide so that the maximum quantity 
handled at any one time will be five milliliters. 

IIb. EDTA Extractions - Extractions will be performed with 0.2 molar ethylenediamine- 
tetraacetic acid (EDTA). 

111. Leaching Time and Temperature - Leaching test with varying time and temperature using the 
most promising leaching solution will be conducted. The leachate will be analyzed to 
determine time and temperature effects. 

IV. Washing Studies - The insoluble residue from the leaching experiments will be rinsed several 
times with deionized water. Each rinse will be analyzed. 

V. Precipitation of Leached Materials - Reagents such as sodium or potassium salt solutions of 
hydroxide, sulfide, sulfate, carbonate, and phosphate will be tested to determine effectiveness 
of precipitating the metals. Also, alum, femc sulfate, aqueous sodium silicate, magnesium 
oxide, and calcium hydroxide may be tested. The supernatant will be filtered and analyzed. 
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SolidificatiorVStabilization of Leached Material - Some of the leachate will be dried to solids, 
mixed with sodium hydroxide, soil, and other reagents, as appropriate. and melted in an oven. 
Some of the precipitated solids from V above will be mixed with cement, fly ash, and other 
suitable stabilizing reagents. These vitrified and stabilized samples will be subjected to a 
modified Toxicity Characteristic Leaching Procedure (TCLP) extraction to determine its status 

I 

2 
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4 

5 

6 with reference to U.S. Environmental Protection Agency @PA) regulations. 
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A.2.0 K-65 BACKGROUND INFORMATION 

The K-65 silos contain waste from the World War I1 program that produced the first atomic bombs. 
For this work, a uranium-rich ore called pitchblende was imported from the Belgian Congo. 
Pitchblende was mated with nitric acid to dissolve the uranium away from the ore. The remaining 
residues were mixed with water and pumped into the silos, where the solids settled. The liquids at the 
surface were pumped back out of the silos into a treatment facility. What remains in the silos now is 
about 9,700 tons of residual solids. The residues in the silos emit radiation. The radioactivity levels 
of the residues are higher than ordinary tailings from uranium mining and milling. Like other uranium 
ore tailings, these residues produce radon gas, but in considerably larger quantities. 
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Contaminant 

Page 4 of 16 

A.3.0 TASK-SPECIFIC HAZARD ASSESSMENT 

Derived Air Concentration Action Limit .25DAC 

The following hazard assessment is based on historical information and defined task activities. The 
treatability team routinely reassesses the hazards before starting work to ensure that conditions have 
not changed. All newly identified hazards will be addressed with the health and safety engineer to 
determine the degree of hazard and if any changes to the safety plan are needed. 

Radium-226 

Uranium-238 

A.3.1 PHYSICAL HAZARDS 

3 x IO-'' uCi/mL 7.5 x uCi/mL 

2 x IO-*' uCi/mL 5 x 10- l~  uCi/mL 

Radiological hazards 
- Uranium-238 (U-238) and daughters 
- Uranium-235 (U-235) and daughters 
- Radium-226 (Ra-226) and daughters 

60 pCi/L (50 percent 
equilibrium) 

15 pCi/L 

Thorium-230 I 3 x uCi/mL I 7.5 x 10-13 uci/mL 

~~~~ 

2 x IO-'' uCi/mL I -~ 

Uranium-235 (trace levels of 
actinium series) 

5 x 1 0 " ~  uCi/mL 

Radon Daughters 
(Polonium-2 18, 

Lead-2 14, 
Bismuth-214, 
Polonium-2 14) 

Uranium-234 

Radon-222 

2 x IO-" uCi/mL 5 x 10- l~  uCi/mL 

0.3 working level 0.075 working level 

A.3.2 CHEMICAL HAZARDS 
The following chemicals will be present, either in the samples or in the reagents and will pose 
potential hazards. Other materials, such as fly ash, EDTA, sodium carbonate, sodium sulfide, lime, 
and cementlsodium silicate will be present but will pose no significant hazard due to their relatively 
low toxicity and small quantities. 
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VEL - Permissible exposure limit, or maximum airborne exposure allowed by the 
Occupational Safety and Health Administration (OSHA). Types of PELS include TWAs, 
STELs, and ceilings. 

?WA - Time-weighted average, or average exposure allowed over an 8-hour shift. 
‘STEL - Short-term exposure limit, or maximum average exposure during a 15-minute 

dC - Ceiling, or maximum exposure allowed, even instaneously. 
period. 

A.3.3 POTENTIAL ROUTES OF EXPOSURE AND HAZARD ASSESSMENT 
The identified site contaminants are either solid or gaseous in nature, and the majority of the reagents 
to be used are liquids. The routes of entry into the body are inhalation, absorption, and ingestion (in 
order of importance). Radioisotopes in the sample pose an external and internal exposure hazard. The 
internal hazard is largely eliminated by the procedures and engineered controls to be utilized. The 
external hazard will be controlled through monitoring. Direct contact with the corrosives may result in 
destruction of skin tissue and absorption of other contaminants if in solution. The inorganic lead in 
the samples poses a potential inhalation hazard, which is minimized by the task procedures. Cyanide- 
containing reagent poses a potential for the release of hydrogen cyanide (HCN) gas, but the limited 
quantities per container (less than 5 mL) and the task procedures will prevent any significant hazard 
unless a spill occurs. 

To minimize the potential exposure hazards, nearly all of the operations to be carried out during this 
project will be performed inside the hood, which is located inside an environmental containment 
cubicle. This includes acid digestions, sample preparation, pouring reagents, and packaging for 
disposal. The only operations planned to be performed outside the hood are transport of thc silo 
samples to and from the hood, transport of reagents to the hood, and colorimetric determination of - 

188 
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sample results. All container opening will be done inside the hood. Reagents have been prepared and 
packaged off site to further minimize on-site handling. 

1 

2 

There is also a potential that acidic reagents and the potassium cyanide (KCN) reagents might be 
mixed in a spill. This would liberate HCN gas, which has an OSHA PEL (STEL) of 5 mg/m3. The 
treatability team will evacuate if a major spill occurs but will remain to control minor spills. 

KCN. Each KCN vial contains 10 mL of 0.1 percent w/w KCN in water. Therefore, the total CN per 

3 

4 

5 

6 

I 

A minor 
spill is a spill inside the hood of 50 mL or less. This is equivalent to one vial of acid and one vial of 

vial is: 8 

10,OOO mg liquid X 0.001 mg KCN X 26 mg CN/65 mg KCN = 4 mg CN 

This quantity of CN mixed with acid would liberate HCN in the following quantity: 

4 mg CN X 27 mg HCN/26 mg CN = 4.15 mg HCN 11 

This amount of HCN could be dispersed into one cubic meter of air without exceeding the OSHA 12 

PEL. 13 

The use of the hood greatly minimizes any potential for chemical exposure from the silo samples or 14 

15 

16 

from the reagents. A potential for some radiation exposure exists and monitoring will be conducted to 
quantify this exposure and ensure that the procedures in use are appropriate. 

FERDU4-6ilK.361.APAn2-2391 



A.4.0 MONITORING 

Alpha probe Pre-job and inter- 

A.4.1 GOALS 
Air monitoring will be performed to ensure that contaminant concentrations in the breathing zone do 
not exceed the concentrations specified by established exposure levels. 

20 cpma , HP Reviewb 

Exposures to chemicals should be kept as low as possible because there m insufficient data to predict 
the combined effects of most chemical mixtures. 

Betdgamma probe Pre-job and inter- 

A.4.2 EXTERNAL RADIATION HAZARD MONITORING 
A health physics technician will monitor all locations before start of work and will frequently monitor 

500 cpma HP Review 

exposures in all areas that exceed the one millirem (mrem)/hour action limit. Measures such as 
increasing shielding, increasing distance, or reducing exposure time will be taken to minimize 
exposures. Radiation monitoring instruments include: 

External radiation 

Continuous air monitor 
(CAM) 

Thermolumi- 
nescent dosimetry 
(TLD) badge 

Ludlum Model 177, or equivalent, with a G-M pancake probe 

Y Pre-job >1 mrem/hour HP review 

Y Continuous 4MPC-hours of Withdraw 
Th-230 

Y Continuous NA, no real time 
results 

Ludlum Model 3, or equivalent, with a ZnS alpha scintillation probe 

Eberline Model Alpha-SA alpha air monitor or equivalent 

A.4.3 A(JTI0N LIMITS 
The following table provides types, scheduling, and actions for monitoring. 

~~ ~~~~ 
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Instrument/chem. I Need I Interval I Limit I Action 

TLD ring Y Continuous I I  I 19Q NA, no real time 
results 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

%I 

25 

26 
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aAbove background. 
bFUll-face air-purifying respirators (APRs) with organic vapor, acid gas, and fume cartridges. 
Disposable protective clothing, such as TyVekTM coveralls, and a step-off decontamination pad will 
also be required at any time APRs are used. 
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A.5.0 TASK-SPECIFIC PERSONAL PROTECTIVE EQUIPMENT 1 

All employees working in the environmental containment cubicles shall wear, as a minimum, safety 
glasses, lab coat, Tyvek coveralls, and disposable gloves. If certain action limits specified in Section 
4.4 are reached, air purifying respirators will be required. The protective equipment needs will be 
evaluated routinely by the health and safety engineer as the project progresses. 

2 

3 

4 

5 
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A.6.0 LABORATORY ACCESS 1 

A.6.1 ACCESS 2 

Access to the environmental containment cubicles during treatability studies will be limited to 
personnel who have completed necessary training and have had required medical exams. 

3 

4 

A.6.2 BIOASSAY SAMPLING 5 

Bioassay SamDling 6 

7 

8 

A baseline 24-hour urine sample will be taken before starting treatability activities. This sample will 
be analyzed for baseline urine levels. 

A post-work, 24-hour urine sample will be submitted upon completion of work and will be analyzed 
for uranium and Ra-226. 
analyzed for Th-230. 11 

9 

10 If significant uptake of radioactivity is suspected, fecal samples will be 

Additional urine samples will be required if air samples indicate an acute exposure of 40 DAC-hours 12 

13 

14 

1s 

(two percent of the annual limit of intake [ALII). A one-hour exposure leading to 40 DAC-hours for 
radon daughters is 12.0 WL or 1,200 pCi/L for Rn-222 in 100 percent equilibrium with its daughters. 
A point worth noting is that no respirator protection factors are built into these action levels. 

A.6.3 MEDICAL MONITORING 16 

In accordance with 29 CFR 1910.120 OSHA requirements, all personnel involved in the treatability 17 

study are required to participate in a medial monitoring program that includes: 18 

A baseline medical exam&ation 
Annual medical examination 
Medical examinations that may be required after potential exposures 

19 

20 

21 

A.6.4 TRAINING REOUIREMENTS 22 

All personnel at the Environmental Technology Development Center (ETDC) involved in the 
treatability study have the following training: 

23 

24 

IT Chemical Hygiene Plan 
ETDC Emergency Contingency Plan 
General Employee Training - Radiation (Rad) Worker Training 

25 

26 

27 
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A.6.5 CONTAMINATION ZONES 1 

The Exclusion Zone is the zone of high potential hazard due to physical, chemical, or radiological 
dangers. Access to the Exclusion Zone is restricted to employees who are required to enter in order to 
perform their job functions. 4 

2 

3 

The area inside the environmental containment cubicles is considered to be the Exclusion Zone. 5 

FEwou4-6mc361 .APAII 2-23-91 
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A.7.0 EXPOSURE SYMPTOMS 1 

Acute exposure to solvents and comsives may produce dizziness or imtation. Exposure to low levels 
of radioactivity do not produce acute exposure symptoms. The potential exposures may cause delayed 
effects such as cancer. Because biological effects from radiation exposures are cumulative, exposures 
are to be kept ALARA. 

2 

3 

4 

5 

FIRST AID FOR EXPOSURES 6 

I 

8 

No treatment is anticipated for the predicted contaminants and concentrations. Refer to the Emergency 
Contingency Plan prepared for the IT ETDC. 

FERDUMllK.361 .APAl12-2?-91 
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A.8.0 LABORATORY ENTRY PROCEDURES 1 

Locate the neanest eyewasWshower before initiating site activities. 2 

Verify that all instruments are calibrated. 3 

Visually scan the laboratory for signs of contamination. 4 

Perform respirator check out and fit test before use (if required). 5 

Note: The Health and Safety Officer and any member of the team have the authority to stop work 6 

I 

8 

when imminent or serious safety hazards or conditions exist. Restart of work will be allowed only 
after the hazard or condition has been abated or reduced to a level deemed acceptable. 
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A.9.0 LABORATORY EXITING PROCEDURE 

A.9.1 CONTAMINATION DETECT ION 
All personnel are required to decontaminate themselves and then confirm the effectiveness of the 
decontamination. The effectiveness will be determined by frisking with a hand-held radiation monitor. 

The monitor must be held within 1/2 inch of the surface and moved at a rate of approximately one 
inch per second for effective beta and gamma radiation monitoring. If frisking count exceeds 
DETECTABLE, additional decontamination is required. This decontamination will be conducted by 
gently scrubbing with soap and water. 

If contamination cannot be removed to below the action levels (100 cpm bewgamma or detectable 
alpha radiation, above background), notify the laboratory health and safety officer, Keith Hood. 

A.9.2 DECONTAMINATION 
Decontamination reduces contaminant concentrations to acceptable levels, but does not gencrally 
totally remove it. Try to avoid contamination where possible by making minimum contact with the 
contaminant. 

Personnel: Dry removal of disposable protective equipment; wash hands, face, and any other exposed 
area of skin. Detergent and tepid water should be used to gently scrub skin surfaces that have 
contacted potentially contaminated wastes. 

The effectiveness of decontamination must be confirmed by frisking. 

Any exposed areas of the equipment surface will be wiped with a damp paper towelkloth to remove 
contamination. Wiping with a cloth dampened with detergent solution may be necessary to remove 
greasy materials. 

1 

9 

10 

15 

16 

17 

18 

19 

2n 

21 
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A.lO.O OPERATIONALLY DERIVED WASTES 

Operationally derived wastes are wastes generated in the performance of various activities. These 
wastes include, but are not limited to: 

Disposable decontamination supplies 

Disposable personal protective equipment such as Tyvek coveralls, gloves, and booties 

Protective clothing will be placed in plastic bags, in a B-25 box, or metal drum for disposal as 
compactible, potentially contaminated waste by DOE’S FEMP integrator or environmental remediation 
management contractor. 

Operhtionally derived wastes are the property of the client and are to be shipped back to Femald 
unless otherwise specified in the written contract. 

The client will be responsible for proper transport, shipment, or disposal unless otherwise specified in 
the written contract. 

1 

2 

3 

4 

5 

6 

1 

8 

9 

10 

11 

12 
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A.ll.O CONTINGENCY PLANS 1 

Contingency plans for injuries, spills, releases, fires, and explosions are given in the Emergency 
Contingency Plan (ECP) for the ETDC. The ECP identifies ETDC emergency coordinators, Tom 
Geisler and Rick Greene. Agencies that may be requested to provide assistance in an emergency are 
also listed along with telephone numbers. All employees at the ETDC are provided with a copy of the 

2 

3 

4 

5 

ETDC ECP. 6 
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1.1 The purpose of this method is to describe the required methods of data entry in 
Technology Development Laboratory notebooks. 

1.2 This procedure applies to laboratory notebooks used for project-specific and 
non-project-specific documentation. 

1.3 The purpose of each entry in your notebook is to provide a complete record of 
your work, one that would enable a co-worker to repeat, if necessary, exactly 
what you did and produce the same results, without having to ask any 
questions. 

References 

2.1 Writina the Lab0 ratorv Notebook , Howard M. Kanare, 1985. 

e Methods 

3.1 ITAS SOP No. TDL1503, "Analytical Logbook Recording Procedures." 

Definitions 

4.1 None 

Procedure 

5.1 

5.2 

Safety 

5.1.1 All applicable safety and compliance guidelines set forth by IT 
Corporation and by federal, state, and local regulations must be followed 
during performance of this procedure. All work must be stopped in the 
event of a known or potential compromise to the health or safety of any 
ITAS Associate, and must be reported immediately to a laboratory 
supervisor. 

5.1.2 All laboratory notebooks must be kept free of chemical contamination 
while being used on benchtops, in field settings, etc. 

Summary 

5.2.1 All laboratory notebooks are the property of the International Technology 
Corporation (IT) Technology Development Laboratory (TDL). It is 
assigned to you so that you may keep a complete, careful, chronological 
record of your work. The work which you do and the data which you 
enter in the notebook are confidential; they must not be disclosed t02c 3 
unauthorized persons. The notebook's security and maintenance are 
your responsibility. In case of damage, loss, or disappearance, report the 
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5.0 p r o c e d m  (continued) 

facts to your supervisor at once. When the notebook is filled or upon 
termination of your employment, it must be returned to the laboratory 
qualit y/o pe rati on f i les. 

5.3 Procedure 

5.3.1 All data is to be recorded directly into the notebook. Recording of original 
data on loose pieces of paper for later transcription into the logbook is to 
be avoided. Should loose paper be necessary for proper conduct of an 
experiment: 

5.3.1.1 Write on the logbook page itself identification of what is affixed 
to that page. 

5.3.1.2 Firmly affix the loose paper with clear tape 

5.3.1-;3 Initial and date over the edge of the tape. 

5.3.2 All entries must be made in black ink. Red ink is reserved for Quality 
Control (QC) checking purposes only. Erasures, blacking out, or use of 
correction fluid is not permitted. If a mistake is made, draw a single line 
through the erroneous material and make a corrected entry, initial, and 
date the correction. 

5.3.3 It is necessary to fill each page and keep the sequence of entries in 
chronological order. Several pages may be reserved for a particular 
experiment. However, if the continuity of pages for a particular 
experiment is broken for lack of reserved space, notations will be made 
on both sides of the break. The unused balance of a page will be 
cancelled by a diagonal line. Spaces intentionally left blank in tables or 
logs will contain horizontal lines. 

5.3.4 Stock or standard solutions must reference: 

5.3.4.1 Source 
5.3.4.2 Lot number 
5.3.4.3 Date received 
5.3.4.4 Notebook and page numbers whenever available. 

5.3.5 When reference is made to samples, the TDL sample number must be 
used. Additional sample identification may be offered, but not to the 
exclusion of the TDL sample number. 

5.3.6 A co-worker performs a QC check on your calculations by recalculating 
20 percent and verifying the formula used. Have him make a check in 
red ink beside each answer which was recalculated and sign and date 

204 
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5.0 p r o c e u  (continued) 

calculations that lead to the generation of a result which is reported to the 
client either verbally or in writing. Any values which have not had a 20 
percent QC check (one of every five calculations has been checked) are 
considered "preliminary" and will be marked as such on any material 
leaving the TDL lab. If an error is found during the 20 percent check, 
then a 100 percent QC check will be performed. 

5.3.7 If one of your co-workers has witnessed an experiment you have 
conducted, to an extent that enables him to state of his own knowledge 
what you did and what results you secured, have him sign and date the 
notebook page(s) as "Witnessed and understood by." If the experiment 
seems to you to be of sufficient importance (Le., is potentially patentable), 
arrange to have it witnessed for content and date of entry. 

5.4 Project Documentation Requirements 

5.4.1 Every page of the notebook will contain project name, project number, 
date, and initials of persons entering data. Each project will then be 
described by the following entries: 

5.4.1.1 

5.4.1.2 

5.4.1.3 

5.4.1.4 

5.4.1.5 

5.4.1.6 

5.4.1.7 

5.4.1.8 

Objective - briefly describe the planned experiment and f h ~  
expected or desired result. 

Plan - give an overview of what you intend to do. 

Calibrations and Standards - list frequency of calibration, 
acceptance limits, and concentrations. 

Analytical Methods - state SOP, standard reference or give a 
brief description. 

Experimental Set-ups - sketch and describe the set-up. 

Data and Observations - provide tables including units and 
space for observations within or below. 

Results - include formula and calculations which are necessary 
to produce results from raw data. 

Conclusion - how objective was met and any interpretation of 
results. 
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6.0 NonconfoUnance and Corrective ActiQn 

6.1 A nonconformance is a deficiency in procedure sufficient to render the quality of 
an item unacceptable or indeterminate or any event which is beyond the limits 
documented and established for laboratory operation. A nonconformance may 
include data recording errors, transcription errors, and failure to document. A 
nonconformance memo associated with this procedure will be filed with the QC 
Coordinator. 

7.1 TDL Notebooks are the property of IT Corporation. 

7.2 Document control of TDL Notebooks is handled by the QC Coordinator (QCC). 
The QCC will issue all notebooks. All completed notebooks will be returned to 
the QCC. 

7.3 All returned Laboratory Notebooks are filed in TDL Central Files. 
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1.1 The purpose of this method is to describe the required methods of data entry in 
Technology Development Analytical Logbooks. 

1.2 This procedure applies to analytical logbooks such as instrument injection 
logbooks, maintenance logbooks, and balance logs. 

References 
2.1 o r w  Notebook, Howard M. Kanare, 1985. 

Associated SOPS and Applicable Methods 

3.1 ITAS SOP No. TDL1504, "Laboratory Notebook Recording Procedures." 

. . .  efinitiom 

4.1 None 

Procedure 
5.1 Safety 

5.1.1 

5.1.2 

All applicable safety and compliance guidelines set forth by IT 
Corporation and by federal, state, and local regulations must be 
followed during performance of this procedure. All work must be 
stopped in the event of a known or potential compromise to the 
health or safety of any ITAS Associate, and must be reported 
immediately to a laboratory supervisor. 

All analytical logbooks must be kept free of chemical 
contamination while being used on benchtops, in field settings, 
etc. 

5.2 Summary 

5 1.2.1 All logbooks are the property of the International Technology 
Corporation (IT) Technology Development Laboratory (TDL). It is 
assigned to you so that you may keep a complete, careful, 
chronological record of your work. The work which you do and the 
data which you enter in this book are confidential; they must not be 
disclosed to unauthorized persons. The logbook's security and 
maintenance are your responsibility. In case of damage, loss, or 

2@8 
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5.0 P r o c e w  (continued) 

disappearance, report the facts to your supervisor at once. When 
the logbook is filled, or upon termination of your employment, it 
must be returned to the laboratory quality/operation files. 

5.3 Procedure 

5.3.1 Briefly define in the front pages of the book what type of log is 
contained within. Definitions of column headings, references, and 
acceptance limits will be addressed on the first pages as well. 

5.3.2 All entries are to be recorded directly into the logbook. Recording 
of original data on loose pieces of paper for later transcription into 
the logbook is to be avoided. Should loose paper be necessary 
for proper conduct of an experiment: 

5.3.2.1 Write on the logbook page itself identification of what is 
affixed to that page 

5.3.2.2 Firmly affix the loose paper with clear tape 

5.3.2.3 Initial and date over the edge of the tape. 

5.3.3 All entries must be made in black ink. Red ink is reserved for 
Quality Control (QC) checking purposes only. Erasures, blacking 
out, or use of correction fluid is not permitted. If a mistake is made, 
draw a single line through the erroneous material and make a 
corrected entry, initial, and date the correction. 

5.3.4 It is necessary to fill each page and keep the sequence of entries 
in chronological order. Any unused section of a page will be 
cancelled with a diagonal line. Spaces intentionally left blank in 
tables or logs will contain horizontal lines. 

5.3.5 

5.3.6 

5.3.7 

When reference is made to samples, the TDL sample number will 
be used. Additional sample identification may be offered, but not 
to the exclusion of the TDL sample number. 

Use a ruler to draw lines defining columns. Label columns 
including units when appropriate. Injection logs, balance logs, 
and other similar logs will include columns for the operators' 
initials and date. 

Each entry in an analytical logbook is to be initialed and dated. 
The "Completed by" is signed by the last person to make entry on 
a given page and indicates that the page has been checked for 
completeness of entries. 2ta9 
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6.0 and Corrective 

6.1 A nonconformance is a deficiency in procedure sufficient to render the quality of 
an item unacceptable or indeterminate or any event which is beyond the limits 
documented and established for laboratory operation. A nonconformance may 
include data recording errors, transcription errors, and failure to document. A 
nonconformance memo associated with this procedure will be filed with the QC 
Coordinator. 

7.0 Peco rds Manaae ment 

7.1 TDL Analytical Logbooks are the property of IT Corporation. 

7.2 Document control of TDL Logbooks is handled by the QC Coordinator (QCC). 
The QCC will issue all notebooks. All completed logbooks will be returned to 
the QCC. 

7.3 All returned Laboratory Logbooks are filed in TDL Central Files. 

240 
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LABORATORY SIEVES 
SPECIFICATION, CALIBRATION, AND MAINTENANCE 

1.0 Purpose and Application 

1.1 This SOP defines the standards for standard laboratory 
sieves used in the Geotechnical Analysis Laboratory. 
It also describes calibration requirements and 
maintenance of the sieves. 

2 .0  References 

2.1 ASTM E 11-87, Standard Specification For Wire Cloth 
Sieves For Testing Purposes. 

3.0 Assokiated SOPS 

3.1 None. 

4.0 Definitions 

4.1 None. 

5.0 Procedure 

5.1 

5.2 

5.3 

All standard sieves will meet the specifications in 
ASTM E 11-87, Standard Specifications for Wire Cloth 
Sieves For Testing Purposes. Upon receipt, each sieve 
will be checked for a label which has the ASTM 
specification, sieve size, and a identification number 
or serial number. If the ASTM specification is not on 
the sieve, that sieve will be returned to the vendor 
and not used. If the sieve size or a serial number is 
not on the label, prepare a permanent label with the 
appropriate information and affix it to the side of the 
sieve. Due to the corrosive nature of some samples, 
brass sieves with stainless steel mesh are preferred. 

Sieves put into use prior to this SOP do not require a 
serial number. 

Calibration certificates should be provided by the 
manufacturer. If a calibration certificate did not 
come with the sieve, either return it, or get a 
certificate from the vendor. Calibration certificates 
will be kept in the Quality/Operations files maintained 
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by the lab QC Coordinator. 

If a sieve calibration is suspect, it shall be either 
checked or replaced. Due to the amount of time 
involved in checking sieve calibration, replacement is 
usually the preferred alternative. AASHTO proficiency 
samples may also belused as an indication of sieve 
calibration. If the results from a proficiency sample 
are too far out of line (as determined by the lab 
supervisor), the suspect sieve shall be pulled for 
calibration or replacement. 

Sieves with a mesh size of #200 or smaller will be 
replaced one year after initially being placed into 
service. Each sieve will be labeled with the 
replacement date at the time it is placed into service. 

Prior to use, each sieve will be visually inspected for 
holes, broken mesh, o r  any other condition which may 
make the sieve unsuitable for use. Sieves which are 
clogged will be cleaned with a suitable brush. Caution 
shall be used when cleaning fine sieves with a wire 
bristle brush as this may damage the sieve. Any sieve 
deemed unsuitable for use will be immediately 
discarded. 

Sieves used in washing samples or sieves used with 
corrosive samples will be cleaned with water and a 
brush after use. It may be useful to place the sieve 
in a drying oven ( ~ 1 2 0  ' C )  to d r y .  This will help to 
keep corrosion to a minimum. 

Sieves will be stored in a clean, dry environment. 

Nonconformance and Corrective Action 

6.1 Sieves which do not meet the required specifications, 
are damaged, or otherwise unsuitable for use will be 
discarded or returned to the vendor if newly purchased. 
If a sieve is discovered nonuseable during use, the 
sample(s) will be retested and a nonconformance memo 
generated to describe the problem with the sieve and 
the fact that the sample(s) are being retested. 

3-d a 
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7.0 Records Manaaement/Documentation 

7.1 Sieve calibration records will be kept in the 
Quality/Operations files by the QA coordinator. 

J 
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Purpose and AwlWml 
. .  

I .o 
\ 

1.1 The purpose of this SOP is to determine the volume increase when additives 
are mixed with homogenized sludge. This procedure proves to be the best test 
instead of trying to read the volume increase directly from a plastic or glass 
container because the sludge tends to stick to the sides, therefore giving an 
erroneous result. 

2.0 

3.0 

4.0 

References 
2.1 ITAS-TDL Chemical Hygiene Plan. 

ed SOPS and AQQIuU? Methods 

3.1 None 

Definitions 

4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

4.7 

ner Volume CAl 
The volume of deionized water that the container will hold. 

Volume of Wate r Plus S l u d u  

The amount of deionized water it takes to fill container with a known weight of 
sludge 

Jnitial Vo lume I) 

Initial volume of sludge in cm3. 

Volume of Wate r with Treated m d a e  fC) 

Amount of deionized water needed to fill container that contains treated sludge. 

Ileawmm 
Raw sludge that has been mixed with additives. 

Treated Volume (0) 

Treated volume amount of sludge. 

Chanae in Volume (BFI 

Difference of initial volume ( I )  of sludge and treated volume (D) of sludge. 
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5.0 procedue 

5.1 

5.2 

5.3 

5.4 

5.5 

Summary 

5.1.1 A known volume of deionized w a d  is added ,J a known weight of a 
sludge sample. A percent volume change is then calculated. 

Interferences 

5.2.1 No known interferences. 

Sample Handling, Preservation, and Holding Time 

5.3.1 

5.3.2 

5.3.3 

5.3.4 

Application of these procedures on hazardous waste samples must 
consider the known or suspected hazardous compounds present. 
Project-specific selection of work area, safe working practices, and 
personal protective equipment shall be made based upon exposure 
potential to the hazardous components. 

All applicable safety and compliance guidelines set forth by IT 
Corporation and by federal, state, and local regulations must be followed 
during performance of this procedure. All work must be stopped in the 
event of a known or potential compromise to the health or safety of any 
ITAS Associate, and must be reported immediately to a laboratory 
supervisor. 

There are no holding times applicable to this procedure. 

There are no preservation requirements applicable to this procedure. 

Required Equipment 

5.4.1 Two 5-02. S/P DispoB polypropylene container or equivalent. 

5.4.2 Graduated cylinder. 

ReagentdStandards 

5.5.1 Deionized water. 

5.5.2 Additives. 
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5.0 P r o c e u  (continued) 

5.6 Calibration 

5.6.1 Determine the container volume (A). For example, a 5-02. S/P Dispoa 
polypropylene container which is graduated from 10 to 140 ml is used. 
Calibrate the 5-02 container by filling the container with deionized water 
using a graduate cylinder. 

5.7 Analysis/Operation 

5.7.1 Add a known weight in grams of raw sludge to a 5-oz container. Tap 
container with raw sludge to release air bubbles. Add deionized water 
by a graduate into container until full. Designate the volume of deionized 
water added as the volume of water plus sludge (B). 

5.7.2 In another 5-02 container, add same weight as above of raw sludge plus 
the percent additives and mix well. Tap container to release air pockets. 
Fill rest of container using a graduate with deionized water. Designate 
the volume of deionized water added as volume of water with treated 
sludge (C). 

5.8 Calculations 

5.8.1 Initial volume (I) of sludge is equal to (A-6) and units are in cm3. 

A - B = l  

where: A = container volume and 
B = volume of water plus sludge. 

5.8.2 (A-C) equals treated volume (D). 

A - C = D  

where: A = container volume, 
C = volume of water with treated sludge, and 
D = treated volume. 

5.8.3 Calculate the difference of initial volume ( I )  and treated volume (D). 
Designate this amount as change in Volume (BF). 

D - I = B F  

where :' I = initial volume, 
D =treated volume, and 
BF = change in volume. 288 
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5.0 p r o c e u  (continued) 

5.8.4 To get percent change in volume, take (BF) divided by initial volume (I) 
and multiply by 100. 

% Change in Volume = BF/I X 100 

where: BF = change in volume and 
I = initial volume. 

5.9 Quality Control 

5.9.1 None 

6.0 Nonconformance and Co rrective Action 

6.1 Any failure to follow this procedure will be notec on a nonconfl rmance memo. 
The corrective action will be verified by the Quality Control Coordinator and 
approved by the appropriate Operations Manager. 

7.0 Records Manaaement 

7.1 All data will be recorded in standard laboratory notebooks. 
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1.1 The purpose of this SOP is to detail proper procedures for the calibration of all 
laboratory thermometers, such that temperature measurements are accurate 
and traceable. 

1.2 This procedure applies to any thermometer used in the laboratory directly or 
indirectly in the preparation, storage or analysis of samples. 

1.3 Working thermometers in the laboratory shall be calibrated annually against 
reference thermometers that have initial NBS traceability and that are recertified 
every three years with equipment directly traceable to the NBS. 

2.0 References 

2.1 ITAS-SW SOP No. MW104R0, "Calibration of Thermometers." 

3.1 ITAS System Procedure No. 901 4-HSC-01, "General Health and Safety 
Practices for Tasks Performed in the Laboratory." 

4.0 

4.1 None. 

5.0 Procedu 

5.1 

5.2 

Copies of the NBS traceable certification of reference thermometers will be kept 
in the Quality/Operations files. 

Every three years reference thermometers will be recertified with equipment 
directly traceable to the NBS. A record of the date of this certification will be 
kept in the Equipment Maintenance and Calibration files by the QCC. 

5.3 Each working thermometer in use in the laboratory will be assigned a unique 
number and will be calibrated annually against a reference thermometer using 
the calibration methods listed below as appropriate for the specific use of the 
thermometer: 
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2 4.7 1 

5.0 Procedm (continued) 

5.3.1 Calibration Method 1 : 

5.3.1.1 Working thermometer and reference thermometers are allowed 
to remain together in the same room for at least 24 hours. The 
bulbs are then put together on desk top for at least 30 minutes 
and read. 

5.3.2 Calibration Method 2: 

5.3.2.1 A one-liter beaker is filled with regular refrigerator ice cubes 
prepared with deionized water. The remainder of space in 
beaker is filled with deionized water. The working thermometer 
and reference thermometer are immersed with bottom of bulbs at 
same level. Wait at least 30 minutes and read. 

5.3.3 Calibration Method 3: 

5.3.3.1 Fill a one liter glass beaker with deionized water and bring to a 
boil on a hot plate. The working and reference thermometer are 
immersed with bottom of bulbs a? S ~ Q  level. At least the whole 
bulb on each thermometer must be completely immersed. Wait 5 
minutes and read. 

5.3.4 Calibration- Method 4: 

5.3.4.1 Working thermometers and a reference thermometer are allowed 
to remain together in a freezer for at least one hour. After one 
hour, read the thermometers. 

I 5.4 

5.5 

5.6 

A Thermometer Calibration form (Figure TDL102-1) shall be completed for each 
working thermometer calibrated and placed in the Quality/Operation files. 

Any thermometer that does not meet the acceptance criteria (+ 1OC) shall be 
tagged to prevent inadvertent use. New thermometers that do not meet the 
acceptance criteria will be sent back to the vendor. Old thermometers that do 
not meet the acceptance criteria will be removed from the lab. 

All applicable safety and compliance guidelines set forth by IT Corporation and 
by federal, state, and local regulations must be followed during performance of 
this procedure. All work must be stopped in the event of a known or potential 
compromise to the health or safety of any ITAS Associate, and must be reported 
immediately to a laboratory supervisor. 
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6.0 Nonce-- 

6.1 Any thermometer that does not meet the acceptance criteria (+ 1 "C) shall be 
tagged to prevent inadvertent use. New thermometers that do not meet the 

I 

I 
acceptance criteria will be sent back to the vendor. Old thermometers that do 
not meet the acceptance criteria will be removed from the lab. 

7.0 Records Managemea 

7.1 A Thermometer Calibration form (Figure TDLl02-1) shall be completed for each 
working thermometer calibrated and placed in the Quality/Operation files. - 
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FIGURE TDL102-1 

TECHNOLOGY DEVELOPMENT LABORATORY 

THERMOMETER CALIBRATION 

Date: 
Number of thermometer being calibrated: 
Description of thermometer being calibrated: 

Date last calibrated: 
Time since last calibration 
Description of reference thermometer: 

Method Number I Reference Thermometer I Thermometer Being Calibrated 
I 

I I 

Working range: 
Acceptance criteria: f: "C 

Signed: 
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UNCONFINED COMPRESSIVE STRENGTH REVISION NO: 1 

PREPARED BY APPROVED BY DATE QA CONCURRENCE DATE 

1.0 Purpose and Application 

1.1 This test method covers the determination of the unconfined 
compressive strength of cohesive soil in the undisturbed, 
remolded, or compacted condition using strain-controlled 
application of the axial load. 

1.2 This test method provides an approximate value of the 
strength of cohesive soils in terms of total stresses. 

1.3 This test method is applicable only to cohesive materials 
which will not expel bleed water during the loading portion 
of the test and which will retain intrinsic strength after 
removal of confining pressures, such as clays or cemented 
soils. 

2.0 References 

2.1 Annual Book of ASTM Standards. 1988. ttSoil and Rock: 
Building Stones; Geotextiles. Vol. 4.08. 

3.0 Associated SOPS and Applicable Methods 

3.1 ASTM D-422. 

3.2 ASTM D-854. 

3 . 3  ASTM D-2216. 

3.4 ASTM D-2850. 

225 



SOP NO: TDL1109 24 71 
DATE INITIATED: 7 / 3 1 / 8 9  
REVISION NO: 1 
DATE REVISED: 3/28/90 
PAGE 2 OF 18 

3.5 ASTM D-4220 .  

. 3.6 ASTM D-4318. 
I . .  4 . 0  D e f l n l t l o n s  

4 . 1  Unconfined compressive s t rength  - t h e  compressive s t r e s s  a t  
which an unconfined cy l ind r i ca l  specimen of s o i l  w i l l  f a i l  i n  
a simple compression t e s t .  

4 . 2  Shear s t rength  - fo r  unconfined compressive s t rength  test  
specimens, the  shear s t rength  i s  ca lcu la ted  t o  be one-half of 
t h e  compressive s t r e s s  a t  f a i l u r e .  

4.3 Bleed water - water expelled from t h e  s o i l  due t o  deformation 
o r  compaction. 

I 5 . 0  P m d u e  

5.1 ASTM Standard Method D-2166.  

6 . 0  2 
6 . 1  I f  t h i s  procedure cannot be followed f o r  any reason, a 

nonconformance memo w i l l  be f i l e d  w i t h  t he  Q u a l i t y  Control 
Coordinator. Corrective ac t ion  w i l l  be approved by t h e  
Operations or  Pro jec t  Manager. 

~ 

7 . 0  Records Management- 

7 . 1  Data i s  t o  be recorded i n  a standard laboratory notebook w i t h  
t h e  p ro jec t  it pe r t a ins  t o  c l e a r l y  labeled on t h e  notebook 
Page 
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Standard Test Method for 
Unconfined Compressive Strength of Cohesive Soil' 

2471 

This standard is issued under the fixed designation D 2166: the numkr i r n m d i l y  following the duignation indicates the ycar of 
origid adoption or. in the c~(e ofrrvidon. r)le y ~ a r  o f h  rwision. A n u m k  in pvmthaa indica- the ycar of &st rcapprova~. A 
supncript epsilon (e) indica- U) cdhrinl clxmgc i n =  the laa rwision or rrappmval. 

1. scope 
1.1 This test method coven the determination of the 

unconfined compressive strength of cohesive soil in the 
undisturbed, remolded, or compacted condition, using 
straincontrolled application of the axial load. 
1.2 This test method provides an approximate value of 

the strength of cohesive soils in terms of total strrsses. 
1.3 This test method is applicable only to cohesive mate- 

rials which will not expel bleed water (water expelled from 
the soil due to deformation or compaction) during the 
loading portion of the test and which will retain intrinsic 
strength after removal of confining pmsurrs, such as clays or 
cemented soils. Dry and crumbly soils, fissured or m e d  
materials, silts, pears, and sands caunot be tested with this 
method to obtain valid unconfined compression strength 
values. 

SRI@I of coherive sods with l a d  confinement k covered by T a t  
Method D 2850. 

1.4 This test method is not a substitute for Tcst Method 
D 2850. 

1.5 The values stated in SI units an to be regarded as the 
standard. The values stated in inch-pound units arc approx- 
imate. 
1.6 This standard may involve hazardous matm*&, oper- 

ations, and equipment. This standard does not purpon to 
address all of the safety problems msoeiated with its use. It is 
the responsibility of whoever uses this standard to c o d t  and 
establish appropriate saf2ty and health ptoaices and deter- 
mine the applicability of regulatory limitations prior to use. 

NOTE I-The determidon Of the UnCOnsOlidated undraincd 

2. Referenced Documents 
2.1 ASTM Standards: 
D 422 Method for Particle-Size Anal* of Soils' 
D 653 Terminology Relating to Soil, Rock, and Contained 

D 854 Test Method for S ~ C  Gravity of Soils? 
D 1587 Practice for Thin-Walled Tube sampling of Soils2 
D2216 Method for Laboratory Lktemma . tion of Water 

(Moisture) Content of Soil, Rock, and Soil-AggnBatc 
Mixtuns2 

D2487 Tcst Method for Clasdlcation of Soils for Engi- 
neering Purposes2 

Fluid2 

D 2488 Practice for Description and Identification of Soils 
(Visual-Manual Proced~re)~ 

D2850 Test Method for Unconsolidated, Undrained 
Compmsive Strength of Cohesive Soils in Triaxial 
Compression2 

D4220 Practices for Preserving and Transporting Soil 
Sample8 

D 43 I8 Test Method for Liquid Limit, Plastic Limit, and 
Plasticity Index of So& 

3. Terminology 
3.1 Refer to Terminology D 653 for standard definitions 

of terms. 
3.2 Descriptions of Terms S p @ c  to this Standard: 
3.2.1 unconfined compressive strength (q J-the compm 

sive stress at which an unconfined cylindrical specimen of 
soil will fail in a simple compression test. In this test method, 
unconfined compressive strength is taken as the maximum 
load attained per unit area or the load per unit area at I5 95 
axial strain, whichever is secund fim during the perform- 
ance of a test. 
3.2.2 shear strength (sJ-for unconfined compressive 

strength test specimens, the shear strength is calculated to be 
'h of the compressive stress at failure, as defined in 3.2.1. 

4. S i l a n c e  pad use 
4.1 The primary purpose of the unconfined compression 

test is to quickly obtain the approximate compressive 
strength of soils that possw sufficient cohesion to permit 
testing in the unconfined state. 
4.2 Samples of soils having slickensided or fissured m c -  

t u ,  samples of some types of loess, very soft clays, dry and 
crumbly soils and varved materials, or samples containing 
signi!icant portions of silt or sand, or both (all of which 
usually exhibit cohesive properties), fraquently display higher 
shear strengths when tested in accordance with Test Method 
D 2850. Also, unsaturated soils will usually exhibit different 
shear strengths when tested in accordance with Test Method 
D 2850. 
4.3 If both an undisturtKd and a remolded test are 

performed on the same sample, the sensitivity of the material 
can be M n a L  This mahod of determining sensitivity is 
suitable only for soils that can retain a stable specimen shape 
in the nmolded state. 

NOTE Z-ForsoiIsthat will not retain astable shape, a vane shearm 
or Test Method D 2850 can be used to dctennhe ri~vity. 

5. Apparatus 
5.1 Compression Device-The c o m p k o n  device may 

be a platform weighing scale equiPPCd with a screw-jack- 
activated load yoke, a hydraulic loading device, or any other 
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compression device with suflicient capacity and control to 
provide the rate of loading prescribed in 7.1. For soil with an 
unconfined compressive strength of less than 100 kPa (1.0 
ton/@) the compression device shall be capable of mca- 
suring the compressive stress to within 1 kPa (0.01 ton/tt2). 
For soil with an unconfined compressive StrengLh of 100 kPa 
(1.0 ton/@) or greater, the compression &vice shall be 
capable of measuring the compressive stnss to the nearest 5 
kPa (0.05 ton/@). 
5.2 Sample Exrnuier, capable of cxtrudhg the so3 core 

from the sampling tube in the same direction of travel in 
which the sample entered the tube, at a uniform rate, and 
with ncgllgible dhurban cc of the sample. Conditions at the 
time of sample removal may dictate the direction of re- 
moval, but the principal concern is to keep the degree of 
disturbance negligible. 

5.3 Deformation Indicator-The deformation indicator 
shall be a dial indicator graduated to 0.03 mm (0.001 in.) or 
better and having a travel mge of at least 20 95 of the length 
of the test specimen, or some other measuring devi% such as 
an electronic deformation measuring device, mceting thcsc 
requirements. 
5.4 Dial Comparator, or other suitable device, for mea- 

suring the physical dimensions of the specimn! to within 
0.1 95 of the measured dimension. 

N m  3-Vcrnicr d i p a s  an not rroommmdedf~r soft Specimens 
which wiU deform as the calipers an set on thc spaamen. 

5.5 Timer-A timing &via indicating the elapsed teSting 
time to the nearest second shall be used for establishing the 
rate of stxain application prescribed in 7.1. 
5.6 Buhce-The balance used to specimens shall 

determine the mass of the specimen to within 0.1 95 of its 
total mass 

5.7 Equipmenr, as specified in Method D 2216. 
5.8 Miscellaneous Apparatus, including m e n  trim- 

ming and Carving took, remolding appantus, water content 
cans, and data sheets as required. 

6. Preparation of Test Specimam 
6.1 Specimen Size-Spccimens shan. have a minimum 

diameter of 30 mm (1.3 in.) and the m partide con- 
rained within the test specimen shall be smaller than one 
tenth of the specimen diameter. For Specimens having a 
diameter of 72 mm (2.8 in.) or huw, the particle size 
shall be Smaller than One sixth of the specimen he. If, 
after completion ofa  test OII an undisturbed specimen, it is 
found, based on visual obsavatioa that particles than 
permitted are present, indicate this infoxmation in the 
rcmaT1cF section of the report of test data (Ne 4). The 
height-todiameter ratio shall be bawan 2 and 2.5. Deter- 
mine the averagc height and diameter of the test Specimen 
using the apparatus spacitied in 5.4. Take a minimum of 
threc height measurements (12W apart), and at last  thne 
diameter measurements at the q- points of the h-t. 

N m  6I f lagC soil particlesafe found in the spmple affcrtulin& a 
particlasizc analysir M-d in with Method D422 m y  
kprformcdtoconfirmthc vinrr) ObsCnoMn . . n d t h e ~ p r o v i d r d  
Wittlthetatrrporr 
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6.2 Undisturbed Specimens-Prepare undisturbed speci- 

mens from large undisturbed samples or from samples 
secured in accordance with Ractice D 1587 and preserved 
and transported in accordance with the practices for Group 
C samples in F’racticcs D4220. Tube spccihens may be 
tested without trimming except for the squaring of ends, if 
conditions of the sample jus@ this procedure. Handle 
specimens carefully to prevent disturban ce, changes in cross 
section, or loss of water content. If compression or any type 
of noticeable disturbance would be caused by the extrusion 
device, split the sample tube lengthwise or cut it off in small 
sections to facilitate removal of the specimen without 
disturbance. P r e p  carved specimens without disturbance, 
and whenever possible, in a humidity-controlled room. 
Make every effort to prevent any change in water content of 
the soil. Specimens shall be of uniform circular cross section 
with ends perpendicular to the longitudinal axis of the 
specimen. When carving or trimming, remove any small 
pebbles or shells encounted Carefully fXl voids on the 
surface of the specimen with remolded soil obtained from the 
tnmrmngr. When pebbles or wnbliog rcsult in excessive 
imsulanty at the ends, cap the specimen with a minimum 
thickness of plaster of paris, hydrostone, or similar material. 
When sample condition pennits a vertical lathe that will 
accommodate the total sample may bc uscd as an aid in 
carving the specimen to the requid diameter. Where 
prevention of the development of appreciable capillary forces 
is b e d  important seal the Specimen with a rubber 
membrane, thin plastic coatings, or with a coating of grease 
or sprayed plastic immediately after prepamtion and during 
theentiEtcstingcyclc.Dctamln * e the mass and dimensions 
ofthe test specimen. Ifthe specimen is to be capped, its mass 
and dimensions should be determined before capping If the 
entire test specimen is not to bc used for determination of 
water content, secure a rcprrsentative sample of cuttings for 
this purpose, placing them immediately in a covered con- 
tainer. The water content dctcrmhation shall be performed 
in accordance with Method D 2216. 
6.3 Remolded Specimens-Spccimen~ may be prrpand 

either from a failed undisturbed specimen or from a dis- 
tur&d sample, providing it is npresentative of the failed 
undisntrbed specimen. In the case of failed undisturbed 
specimens, wrap the mataial in a thin rubber membrane 
and work the material thoroughly with the h ~ m  to assun 
complete molding. Avoid entrapping air in the specimen. 
Exmcisc care to obtain a uniform density, to remold to the 
same void ratio as the undisturbed specimen, and to preserve 
the natural water content of the soil. Form the disturbed 
material into a mold of cirnrlar cross section having dimen- 
sions meetiag the requirements of 6.1. AAa removal from 
the mold, dctumine the mass and dimensions of the tcst 
m e n s .  
6.4 Compaaed Specimens-Swhens shall bc prepared 

tothe ai water content and density pnscribcd 
by the= dgning the test (Note 5). AAer a 
specimen is fomd,  trim the ends perpendicular to the 
loetudinal axis, remove !%om the mold, and deterijhine the 
mass and dimensions of the test specimen. 
~m s-trpriena ~ c a t u  that it is difficult to compact, handle, 

andotmiin VpLidreruhSwithspccimauthat have8 degcc ofsatmuon 
rhatisglUtfrthn90%. 

. .  
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7. Rocedme 
7.1 Place the specimen in the loading &vice so that it is 

centered on the bottom platen. Adjust the loading device 
catfully so that the upper platen just makes contact with the 
specimen. Zero the deformauon indicator. Apply the load so 
as to produce an axial strain at a rate of 'h to 2%/min. 
Record load, deformation, and time values at Sutficient 
intervals to define the shape of the stnss-strah curve (usually 
10 to 15 points arc sufficient). The rate of strain should k 
chosen so that the time to failure does not exceed about 15 
rnin (Note 6). Continue loading until the load values 
dmeax with increasing strain, or until 1 5 %  strain is 
reached. The rate of strain used for testing sealed specimens 
may be decreased if deemed desirable for bencr test results. 
Indicate the rate of strain in the rcport of the test data, as 
nquind in 9.1.7. Dctamm * e the water content of the test 
specimen using the entire specimen, unless nprcsentative 
cuttings are obtained for this Purpose, as in the case of 
undimrbcd specimens. Indicate on the M report whether 
the water content sample was obtained befon or the 
shear test, as muired in 9.1.2. 
N m  6-SoC-tta ammi& that will &bit larger deformation a! 

failure should k Mtd a! a higher rptc of slmh C o n e y ,  stiffor 
brittle materialsthat will exhibit d d c f ~ a t f o i l u r r s h o u l d  k 
tested at a Iowa rptc of maia 

7.2 Make a sketch, or take a photo, of the test specimen at 

angle is measurable. 
7.3 A copy of a sample data sheet is included in Appendix 

X1. ~ n y  data shea can be wed, provided the form contains 
all the nquind data. 

8. ~colat ions 

a given applied load, as follows: 
(1 - AL& 

where: 
AL = length change of specimen as read fkom deformation 

L, - initial length of test specimen, mm (in.). 
8.2 Calculate the average cmsectional 8 1 t ~ ,  A, for a 

given applied load, as follows 

where: 

failure showing the slope angle of the failure surface if the 

8.1 Calculatetheaxialstrain,f,,totheneanstO.l %,for 

indicator, mm (in.), and 

A N(l - et)  

= initial av- d o n a l  a of the specimtn, 
mm2 (in?), and 

e l  = axial strain for the given load I. -- 
a n t  fieures or nearest 1 kpa (0.01 ton/*), for a given 
applied load as follows: 

where: 
P = given applied load, k ~ a  (ton/*), 
A = comsponding average cross-sectional area mm2 (in?). 

8.4 Groph-If dcs id ,  a graph showing the relationship 
betwetn compressive stnss (ordinate) and axial strain (ab 

8.3 Calculate the compressive Stres, a, to 

e, = (PIA) 

scissa) may be plotted. Select the maximum value of 
compmsive strrss, or the compressive stress at 15 7% axial 
strain, whichever is securcd fim, and report as the 
unconfined compressive strength, 4,. Whenever it is consid- 
end necessary for proper interpretation, include the graph of 
the stress-strain data as part of the data reported 

8.5 If the unconfined compressive strength is determined, 
the sensitivity, S, is calculated as follows: 

9. (undisturbed specimen) 
qu (remolded specimen) S,= 

9. Report 
9.1 The report should include the following: 
9.1.1 Identification and visual description of the spec- 

imen, including soil classification, symbol, and whether the 
specimen is undimhed, remolded compacted, etc. Also 
include specimen identifying information, such as project, 
location, boring number, sample number, depth, etc. Visual 
descriptions shall be made in accordance with Practice 
D 2488, 

9.1.2 Initial dry density and water content (specify if the 
water content specimen was obtained before or after shear, 
and whether from cuttings or the entire specimen), 

9.1.3 Degree of saturation (Note 7). if computed, 
NUIZ 7--The specific Bravity dcrermind h aocordan~e with Tat 

Method D 854 is r s q d  for calculation of the degree of saturanon. 
9.1.4 Unconfined compressive strength and shear 

9.1.5 Average height and diameter of specimen, 

9.1.7 Average rate of strain to failurr, %, 
9.1.8 Strain at failure, 36, 
9.1.9 Liquid and plastic limits, if determined in accord- 

ance with Test Method D4318, 
9.1.10 Failure skctch or photo, 
9.1.11 strrss-strain graph, ifprrparad 
9.1.12 Sensitivity, if determined 
9.1.13 Particle size analysis, if determined, in accordance 

9.1.14 RPmorks-Note any unusual conditions or other 
datathat wouldbe considend Ila==rY to PrOptrlY interpret 
the Itsults obtained, for example, slickensides, stratitkition, 
shells, pebbles, roots, or brittleness, the type of failure (that 
is, bulge, diagonal shear, etc.). 

10. R e d s i o n d B L s  
10.1 No method prscntly exists to evaluate the precision 

of a grow of unconfined compresion tests on undisnrrbed 
specimens due to specimen v(uliibility. Undisnrrbed soil 
specimens from apparently homogeneous soil dtposts at the 
same location often exhibit sienificantly diffacnt strength 
andstms-strainproperties. 

10.2 A suitable tcst material and method of specimen 
v t i o n  have not been developed for the dctmmma . tion 
of laboratory variances due to the difficulty in producing 
i&nticaI cohesive soil specimens. NO eStimat0, of 
for this test method arc available. 

s t r e w 4  

9.1.6 Height-tdhm- d o ,  

withMethodD422.d  
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APPENDIX XI: 

UNCONFINED COMPRESSION TEST 

i. INTRODUCTION- The unconfined compression test is used to meas- 

ure  the unconfined compressive strength of a cohesive soil. The uncon- 

fined compression test is  applicable only to coherent materials such as 

saturated clays or  cemented soils that retain intrinsic strength after re -  
moval of confining pressure;  it  is not a substitute lor the Q test. Dry or  

crumbly soils, fissured o r  varved materials,  si l ts ,  and sands cannot be 

1 tested meaningfully in unconfined compression. i n  this test, a laterally 
unsupported cylindrical specimen is subjected'to a gradually increased 

axial compression load until failure occurs. The unconfined compression 

tes t  is a form of triaxial test  in which the major principal stress is equal 
to the applied axial s t ress ,  and the intermediate and minor principal 

s t resses  are equal to zero. The unconfined compressive strength, qu ,  

is defined as the maximum unit axial compressive stress at failure o r  at 

15 percent strain, whichever occurs first. The undrained shear strength, 

s 

strength. The axial load may be applied to the specimen either by the con- 
trolled strain procedure, in which the stress is applied to produce a pre- 

determined rate of strain, o r  by the controlled stress procedure, in which 

the s t ress  is applied in  predetermined increments of load. 
2. APPARATUS. The apparatus consists of the following: 

a. Equipment for  Preparing Specimen. A t r imming  frame as de- 
scribed% paragraph 3~ of Appendix X, TRIAXLAL COMPRESSION TESTS, 
or a trimming cylinder with beveled cutting edges may be used for trim- 
ming specimens. The equipment should include wire saws and knives of 
various sizes and types for  use with the trimming frame. A motorized 
soil  lathe may be used advantageously under certain circumstances. A. 
miter box or cradle is required to t r i m  the specimen to a fixed length and 
to ensure that the ends of the specimen are  parallel with each other and 
perpendicular to the vertical axis of the specimen. 

b. LoadinR Device. A number of commercially available 
controlcd-strain or controlled-stress types of loading devices a re  suit- 
able for applying the axial loads in the unconfined compression test. In 

is assumed td be equal to one-half the unconfined compressive 
U '  

XI-1 
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general, controlled- strain 
type loading devices a r e  

preferable, and the proce- 

dures  described herein a r e  

based on the use of this type 

of equipment. If available, 

an automatic stress-strain 
recorder may be used to 

measure and record applied 
axial loads and displace- 

ments. A typical loading 
device is shown in Figure 1. 

Any equipment used should 

be calibrated so that the 

loads actually applied to the 

soil specimen can be deter- 

mined. The required sensi- 
tivity of stress-measuring 

equipment for both controlled- 
s t ress  and controlled-strain 

testing will vary with the 
strength characteristic s of 

the soil. For relatively weak 
soils (compressive strengths 
less than 1.0 ton per sq f t ) ,  
the unit load should be mea- 

surable to within 0.01 ton per 

aq ft. Fo r  soils with compressive strengths of 1.0 ton per sq f t  or greater, 

the losds should be measurable to the nearest  0.05 ton per sq ft. 

Figure 1. Typical unconfined compres- 
sion test apparatus 

- c. MeasurinR equipment, such as dial indicators and calipers, 

stlitable for  measuring the dimensions and axial deformatior. of a specimen 

XI -2 
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to the nearest 0.001 in. 

- d. Timing device, either a watch o r  clock with second hand. 
- e. Balances, sensitive to 0.i g. 
- f. Other. Apparatus necessary to determine water content and 

specific gravity (eee Appendixes I, WATER CONTENT - GENERAL, and 
IV, SPECIFIC GRAVITY). 
3. PREPARATION OF SPECIMENS. a. Spec'hen Size. Unconfined 
compression specimens ahall have a minimum djaxr.eter of 1.0 in. (prefer- 
ably 1.4 in.), and the largest  particle in any tes; Jpecimen will be no 
greater than one-sixth the specimen diameter. The height-to-diameter 
ratio shall be not less than 2.1. Commonly used diameters of unconfined 
compression specimens are 1.4 and 2.8 in. Specimens of 1.4-in. diameter 
a r e  generally used for testing cohesive soils which contain a negligible 
amount of gravel. 

- 

- b. Undisturbed Specimens. Generally, undisturbed epecimens 
a r e  prepared from undisturbed tube o r  chunk samples of a larger size 
than the test specimen. Core o r  thin-wall tube samples of relatively small 
diameter may be tested without further tr imming except for squaring the 
ends, if the condition of the soil requires this procedure. Specimens must 
be handled carefully to prevent remolding, changes in  cross  section, o r  
loss of moisture. To minimize disturbance caused by skin friction between 
samples and metal sampling tubes, the tubes should be cut into short 
lengths before ejecting the sam,les. Sample ejection should be accom- 
plished with a smooth continuous, and fairly rapid motion in the same 
direction that the sample entered the tube. All specimens shall be pre- 
pared in a humid room to prevent evaporation of moisture. The specimen 
shall be prepared as follows: 

(1) From the undisturbed sample cut a section somewhat 
larger in  length and diameter than the desired specimen size. 

XI-3 
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It is generally desirable to prepare duplicate specimens for unconfined 
compression testing, and selection of material for testing should be made 

with this in mind. 

(2) Carefully trim the specimen to the required diameter 
using a trimming frame and various trimming tools (see Fig.  7 ,  Appendix 

X, TRIAXIAL COMPRESSION TESTS). Remove any small shells or 
pebbles encountered during the trimming operations. Carefully fill voids 

on the surface of the specimen with remolded soil obtained from the trim- 

mings. Cut the specimen to the required length, using a miter box (see 

Fig. 8 ,  Appendix X, TRIAXIAL COMPRESSION TESTS). Where the pres- 

ence of pebbles or crumbling results in excessive irregularity at the ends, 

cap the specimens with a minimum thickness of plaster of Paris, hydro- 
stone, o r  other support material. Care must be taken to insure that the 

ends of the specimen a r e  parallel with each other and perpendicular to the 

I 

vertical axis of the specimen. 

(3) From the soil trimmings obtain 200 g of material for 

specific gravity and water content determinations (see Appendixes I, 
WATER CONTENT - GENERAL, and IV, SPECIFIC GRAVITY). 

(4) Weigh the specimen to an accuracy of * O . O i  g for 1.4-in.- 
diameter specimens and t0.1 g for 2.8-in.-diameteI specimens. If speci- 

mens a re  to.be capped, they should be weighed before capping. 

(5) Measure the height of the specimen with calipers o r  a 

scale and the diameter with calipers or circumference measuring devices. 
If the specimen is cut to a fixed length in a miter box, the length of the 
miter box can be taken as the height of specimen for routine tests, and 
additional height measurements a re  not usually necessary. It is always 

advisable to measure the diameter of the specimen after trimming, even 

though specimens are  cut to a nominal diameter in a trimming frame. 
Make all measurements to the nearest tO.04  in. Determine the average 

initial diameter, Do, of the specimen using the diameters measured at 

the top, Dt, center, Dc, and bottom, Db, of the specimen, as  follows: 

XI -4 
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Dt + 2Dc t Db - 
Do - 4 

( 6 )  If the specimen is not tested immediately after preparation, 
precautions must be taken to prevent drying and consequent development of 
capillary stresses. When drying before or during the test is anticipated, 
the specimen may be covered with a thin coating of grease such as  petro- 

latum. This coating cannot be used if the specimen is to be used in a sub- 
.sequent remolded test. 

- C. Remolded Specimens. Remolded specimens usually a re  pre- 
pared in conjunction with tests made on undisturbed specimens after the 
latter has been tested to failure. The remolded specimens are  tested to 
determine the effects of remolding on the shear strength of the soil. 
remolded specimen should have the same water content a s  the undisturbed 

The 

specimen in order to permit a comparieon of the results of the tests on 
the two Specimens. The remolded specimen ehall be prepared a s  follows: 

Place the failed undisturbed specimen in a rubber mem- 
brane and knead it thoroughly with the fingers to a s m r e  complete remold- 
ing of the specimen. Take reasonable care to avoid entrapping air  in the 
specimen and to obtain a uniform density. 

(i) 

(2) Remove the soil from the membrane and compact it in a 
cylindrical mold with inside dimeneions identical with thoee of. the undis- 
turbed specimen. The compaction effort i s  not criticai since the water 
contents of eoils eubjected to remolded te sts a r e  always considerably 
wetter than optimum. Care muet be taken, however, to insure uniform 
density throughout the epecimen. A thin coat of petrolatum on the inside 
of the molding cylinder wil l  aeeii t  in the removal of the epecimen after 
compaction. 

by means of a cloee fitting piston, and plane off the top of the specimen. 
The specimen i e  then ready for testing. 

(3) Carefully remove the specimen from the mold, preferably 

X I - 5  
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(4) Follow the steps outlined in paragraphs 3b(4) and 3h(5). 
4. PROCEDURE. The procedure shall consist of the following steps: 

project, boring number, visual classification, and other pertinent data on 

the data sheet (see Plate XI-1 which i s  a suggested form). The data sheet 
is also used for recording test observations described below. 

- 
- a. Record all identifying information for the sample such a s  

- b. Place the specimen in the loading device so that it is centered 
on the bottom platen; then adjust the loading device carefully so that the 
loading ram or upper platen barely is in contact with the specimen. If a 

proving ring i r  used for determining the axial load, contact of the platen 
and specimen is indicated by a slight deflection of the proving ring dial. 
Attach a dial indicator, sensitive to 0.001 in., to the loading ram to mea- 
sure  vertical deformation of the specimen. Record the initial reading of 
the dial indicator on the data sheet (Plate XI-I).  Test the specimen at an 
axial strain rate of about 1 percent per minute. For  very stiff or brittle 
materials which exhibit small deformations at failure, it may be desirable 
to test the rpecimen at a dower rate of strain.. Obrerve and record the 

renrlting load corresponding to increments of 0.3 percent strain for the 
f i r s t  3 percent of strain and in increments of 1 or 2 percent of strain 
thereafter. Stop the test when the axial load remains constant or when 
2 0  percent axial strain has been produced. 

Record the duration of the test, in minuter, to peak strength 
(time to failure), type of failure (shear or buigs), and a sketch of speci- 
men after failure on the data sheet (Plate XI-2). 

After the test, place the entire specimen or  a reprerentative 

- c. 

- d. 
portion thereof in a container of known weight and determine the water 
content of the specimen in accordance with Appendix 1, WATER CONTENT 
- GENERAL. 
5. COMPUTATIONS. The computations conrist of the following steps: 

(Plate XI-i) the water content, volume of rolids, void ratio, degree of 
a. From the observed data, compute and record on the data sheet - 

XI-6 
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saturation, and dry density, using the formulas presented in Appendix XI, 
UNIT WEIGHTS, VOfD RATIO, POROSITY, AND DEGREE OF SATURATION. 

- b. Compute and record on the data sheet the axial strain, the cor- 
retted area,  and the compressive s t ress ,  at  each increment of strain by 

using the following formulas: 

A H  Axial strain, c = - 
HO 

AO sq cm = i-t Acorr , Corrected area of specimen, 

P Compressive stress,  tons per sq f t  = - X  0.465 
Acorr 

where 
A H  = change in height of specimen during test, cm 
Ho '= initial height of specimen, cm 
A. = initial area of specimen, sq cm 

P = applied axial load, lb 

6 ,  PRESENTATION OF RESULTS. The results of the unconfined com- 
pression test shall be recorded on the report form shown as Plate XI-2. 
Pertinent information regarding the condition of &e specimen, method of 
preparing the specimen, or  any unusual features of each specimen (such 
ae  slickensides, stratification, shells, pebbles, roots, or  brittleness) 
should be shown under "Remarks." The applied compressive s t ress  
shall be plotted versus the axial strain in Plate XI-2. The unconfined 
compressive strength, 
mum or  peak compressive stress. For tests continued to 20 percent 
strain without reduction of axial load occurring, the unconfined compres- 
sive strength a s  a rule shall be taken a s  the compressive s t ress  a t  15 per- 
cent strain.  

qu, of the specimen shall be taken as the maxi- 
. 

XI -7 238 



24 72 
SOP NO: T D L 1 1 0 9  
DATE I N I T I A T E D :  7 / 3 1 / 8 9  
R E V I S I O N  NO: 1 
DATE R E V I S E 6 :  3 / 2 8 / 9 0  
PAGE 15 OF 18 

EM iii0-2-1906 
Appendix X I  
30 Nov 70 

Where the unconfined compressive stretigth of a spscimen i s  a lso  ob- 

shall  a l so  be calculated St' 
tained after remolding, the sensitiv;ty ratio, 

and reported. The sensitivity ra t io  is defined a s  follows: 

7. POSSIBLE ERRORS. Follnwirig are possible e r r o r s  that would cause 

inaccurate determinations of unconfined cumpressive strength: 

a. Tes t  not appropriate to type of soil. 

- b. 
c. 

Specimen disturbed while triirlming. 

Loss  of initial water content. A small change in  w a t e r  content - 
can cause a larger change in t h e  strength of a clay, so i t  is essential  that 

every  care  be taken to protect the specimen against  evaporation while 

tr imming and measuring, during the test ,  and when remolding a specimen 

t o  determine the sensitivity. 

d. Rate  of s t r a in  o r  ra te  of loading too fast. 

8 .  

STRENGTH DETERMINATIONS. 

ment, such as cone penetrometers  and vane shear  apparatus,  may be used 

advantageously in the laboratory a s  a supplement to the basic unconfined 

compression tes t  equipment for  determining the undrained shear  strength 

of cohesive soils.  

savings in cos t  and time. However, the devices should be used with cau-  

tion until sufficient data and procedvral details a r e  established to a s s u r e  

their  successful application. Use of such testing apparatus ,  a s  a rule, 

USE O F  OTHER TYPES OF EQUIPMENT FOR UNDRAINED SHEAR 
Various other types of laboratory equip- 

The u s e  of these testing devices generally resu l t s  in 
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rhould be preceded by careful correlationr with th rodtm of tartr with 
the baric unconfined comprermbn t e e  equipsnmat 011 a m  .una type of soil, 
and correlationr developed for 8 8iv.n typa of m o i l  ohodd not be umed in- 
dircrimiaately for all rob. 
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NUCLEAR WASTE GLASS PRODUCT CONSISTENCY TEST - VERSION 3.0 (U) 

A durability test, designated for Product Consistency Test (PCT), has been developed for glasses 
produced in the Defense Waste Processing Facility (DWPF).' The test is designed to meet the 
requirements of the Waste Acceptance Preliminary Specifications (WAPS) 1.3 and 1.4.2 Specification 
1.3 requires the DWPF to demonstrate control of the radionuclide release properties of the final waste 
form. Changes in phase composition due to devitrification do not greatly alter the rate of release of 
material from the glass3 of the type that will be produced in DWPF. The WAPS Specification 1.4 
however requires that the release properties of devitrified glass be similar to those determined in 
Specification 1.3. The DWPF is responsible for relating the results of the PCI' p a repository site- 
specific release test, or alternatively, for performing the repository site-specific release tests. 

The FCT has been developed, in part, to satisfy the WAPS requirements by providing a test which is 
(1) sensitive to glass composition and homogeneity, and (2) has the potential to be related to 
repository site-specific release tests. The test was designed to provide confirmation of the consistency 
of DWPF glass under the following considerations: 

9 . 

Sensitivity of the test to glass composition and homogeneity 
Time necessary to demonstrate product quality 
Ease of sample preparation for radioactive glass 
Ease of test procedure for remote operation 
Precision of the test results 
Acceptance of waste form developers and repository projects 

During PCT development, sample size was limited to 100-200 mesh (149-74 m) crushed glass because 
leaching of finer mesh sizes can cause overestimation of saturation concentrations, e.g. if finer 
powders are used, mass balance calculations need to be used to determine the maximum saturation 
concentration expected from a given particle size.4 Fine particles also contribute larger errors to the 
estimation of the sample surface area than coarser sized samples. Moreover, use of a coarser mesh 
crushed glass simplifies sample preparation for radioactive service. 

One test temperature, 90OC. was chosen for the PCT. This temperature is representative of the 
anticipated temperature in a repository because of the heat of decay of the radionuclides in DWPF 
waste glass. A single leachant, American Society for Testing and Materials (ASTM) Type I water, 
was specified so that the test would be dominated by elemental species leached from the glass. 

The vsolr/msolid ratio for the PCI' was chosen as 10 mL/g and test durations of 1, 3, 7, 14, and 28 days 
were evaluated. Seven days was chosen as the minimum test duration that optimized test precision but 
did not sacrifice discrimination.' 
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Leachate filtration to < 0 . 4 5 p  was determined to improve the precision of the PCT. Filtering is 
advantageous because it removes colloidal species that would otherwise dissolve during the leachate 
acidification step and emneously be measured as soluble elemental species. Filtering the leachate also 
removes the potential for fine glass particulates to become entrained in the leachate acidification.' 
Such a dissolved particulate of glass would give an erroneously high soluble leachate concentration or 
contribute excessive radioactivity to the leachate. 

PCT sample preparation specifies that the sieved glass should be washed in ASTM Type I water and 
absolute ethyl alcohol to remove elecmstatically adhering fine particles. Comparisons of B.E.T. 
specific surface ma measurements of alcohol washed and unwashed crushed basalt demonstrated that 
there was less than a 5 percent difference in the total surface area? Other ~ t u d i e s ~ - ~  have 
demonstrated that the <lpm fine particles only affect the initial non-linear kinetics of dissolution, e.g. 
the first 24-hour period. Thereafter, the fines are consumed with no further effect on the bulk 
dissolution. The amount of fines adhering to a glass sample however, is an uncontrollable quantity 
and, hence, sample washing was included in the P n .  Later experimental studies verified that sample 
washing improved the precision and the accuracy of the PCT. 

An Savannah River Laboratory (SRL) internal round robin' and a seven-laboratory external round 
robin were completed" to determine the precision and accuracy of the PCT. Confirmatory testing on 
radioactive samples was also performed." These studies indicated that the PCT was very 
reproducible, yielded reliable results rapidly, and could be easily performed in shielded cell facilities 
with radioactive samples. 

This draft was submitted to ASTM subcommittee C26.13 on Repository Waste Package Materials 
Testing in January 1990. 
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2 4 '$1 

BULKING FACTOR PROCEDURE FOR NONSLUDGE TYPE WASTE ' 1 

The bulking factor is the measured percent volume increase/decrease of the treated waste, relative to 
the original waste volume. The bulking factor measurement for a pourable waste sludge will follow 
the Standard Operating Procedure (SOP) in Appendix B. For a nonsludge material, the bulking factor 
will be determined by using bulk density values. The bulking factor will be calculated by using the 

2 

3 

4 

5 

following equation: 6 

where 

BF = percent change in volume relative to untreated waste 
A = percent additives relative to untreated waste (weight to weight) 
P1 = density of treated waste 
Pr = density of raw waste 

The bulk density of the raw waste will be determined in the site characterization. Bulk density of the 
raw waste values used in the treatability study will be averaged values from several locations in each 
pit. These average values will be used in the bulking factor calculation. The bulk density of the 
treated waste will be calculated by dividing the weight of the unconfined compressive strength (UCS) 
solid cylinder (e.g., 1.5- by 3- or 2- by 4-inch cylinder) by its volume. (See "Stabilization/ 
Solidification of CERCLA and RCRA Wastes," (EPA/625/6-89/022), Section 4.2.4 for a description of 
bulk density measurement of stabilized waste.) 

The BF equation was derived as follows: I 

BF is defined as the percent change in volume resulting from treatment to the initial volume. This 
change can be presented mathematically as follows: 

where 

Vt = volume of waste after treatment 
Vr = volume of waste before treatment 248 
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Volume can be expressed as a function of density. 

m v = -  
P 

where 

m = massofwaste 
P = density of waste 

Equation (2) can be used to express V, and V, 

m V ,  = - and 
Pr 

m + t  v, = - 
p* 

where 

t = mass of reagents added 

Substituting equations (3) and (4) into (1) gives: 

This can be reduced as follows: 

t - 
m 

m/Pr 
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is the fraction of reagents relative to the untreated waste. This can also be expressed as a 
percentage and redefined as follows: 

100 c - = A  
m 

Using equation (7) in (6) gives 

(7) 

250 
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2 

3 
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5-DAY STATIC LEACH TEST PROCEDURE 

The 5-day static leach test uses a monolith and demineralized water. These conditions are more 
representative of what would be expected for waste placed in a disposal facility. The 5-day static 
leach test is a modification of the American National Standard Measurement of the Leachability of 
Solidified Low-Level Radioactive Waste by a Short-Term Procedure. The 5-day static leach test 
differs from the ANSI/ANS-16.1-1986 as follows: the treated sample is leached for a 5 days contin- 
uously instead of 12 wash-leach periods over 90 days, the sample is supported in the leaching solution 
by a permeable polymeric material or a Teflon@ cage, the effective diffusion coefficient will not be 
calculated, and the concentration of the metals in the treated sample before leaching will not be . 
analyzed. Optionally, the sample may be soaked in another batch of deionized water leachant for an 
additional 85 days. The physical appearance of the sample would be noted after the cumulative 90- 
day leaching. The leaching solution may be analyzed as with the 5-day leaching solution. 
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MODIFIED TCLP LEACH TEST PROCEDURE 1 

The modified toxicity characteristic leaching procedure (h4TCLP) leach test is a modification of the 
TCLP test. The TCLP procedure is in Federal Register, Vol. 55, No. 126, pages 26,986 through 
26,998. The MTCLP screening data will be acquired in the initial stage(s) to minimize costs and 
waste generation. 5 

2 

3 

4 

The same leachant to solid ratio and leachants (TCLP Type 1 and 2) are used in both procedures. The 6 

7 

8 

9 

MTCLP differs from the standard TCLP as follows: the MTCLP uses 2.5 grams of material instead of 
1 0 0  grams; the h4TCLP generates 50 milliliters of leachate instead of 2 liters; and the leachate from 
the MTCLP is analyzed for metals only rather than metals and organics. 

252 
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WASTE AND REAGENT MIXING PROCEDURE 1 

The waste will be sieved through a 3/8-inch-mesh screen before testing. Obvious debris such as 
chunks of wood and metal will be removed. The percent weight and visual observation of removed 
debris will be noted. The waste and reagents will be ground to one-tenth of the inner diameter of the 
UCS mold before mixing, if necessary. In the preliminary phase, 100 to 110 grams of waste and 
conect amounts of reagents will be mixed in a plastic container or a metal mixing bowl. The amount 
of water added will be determined empirically. Enough water will be added to make the mixture into 
a paste. Mixing will be done by hand with a spatula until the mixture has an even consistency without 
any lumps or mixed in a Planetary mixer. The mixture will be compacted using a vibrating table. 
The plastic container will be filled approximately half full and vibrated at least 1 minute. The 
remainder of the container will be filled and vibrated for another 1 minute. The vibrating table will be 
set at approximately 38 percent maximum power. The container will be sealed with a lid and taped. 
The treated samples will be cured at room temperature for 28 days in the sealed containers. 
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In the advanced phase, approximately 300 grams of waste per mold will be mixed with the correct 14 

15 

16 

17 

amount of reagents in Planetary mixer. The mixture will be placed into a 2- by 3-inch Jatco plastic 
cylinder in three to six aliquots. The mixture will be compacted using a vibratory table. After the 
molds are loaded, they will be capped and sealed with tape until the sample is tested on day 28. 

The specified quantity of waste to use in the test may be changed due to the radiological activity of 18 

the waste. 19 
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STABILIZATION WASTE FORM TEMPERATURE RISE GENERIC PROCEDURE 1 

1. Measure room temperature (A). 2 

2. Mix waste and reagents thoroughly to homogenize the mixture. 

3. Place 50 to 100 grams of homogenized mixture in a separate container. If the sample is 
cohesive, press the mixture into a mass along the side of the container. Place the thermometer 
near the center of the mass. 

4. Monitor the mixture temperature. Record the temperature when the temperature reaches a 
peak and starts to decline (B). 

5. Calculate the temperature rise (dT): dT = B - A. 

The measured temperature rise is a qualitative test. It is conducted as a scRening test to alert of 
potential problems and hazards during scale-up. Further investigations of the actual temperature rise 
may be made during the remedy design phase when larger equipment, which has a design similar to 
the full-scale equipment, will be used. 

3 

7 

8 

9 
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PERMEABILITY 1 

The permeability of the treated samples will be determined by using procedures in EPA SW-846 and 
EM-1110-2-1906 as guidelines. There are several methods to choose from, depending on the sample 
matrix, and sample constraints (e.g., radioactivity and hazardous contaminants, sample condition on 
receipt, and clients’ end use). 

2 

3 

4 

5 

The method of choice for determining permeability of treated samples is described in SW-846, Method 6 

7 

8 

9100, Section 2.8. This is the constant-head method using a triaxial-cell with back pressure. This 
method is applicable to cohesive samples, which are supplied in a molded form. 

The constant head triaxial cell method may take a couple of days longer to run, but there is more 
control over sample conditions during the test, and a wide range of field conditions can be simulated. 

9 

10 

There will be one slight modification to the method. A permeability cell will be substituted for the 
triaxial cell. The permeability cell is similar to the triaxial cell but does not have the plunger for 

1 1  

12 

applying a load to the sample. 13 

effect on the test. 14 

This plunger is not used in permeability testing, and its absence has no 

It is anticipated that all of the samples for permeability testing will be of the cohesive, molded type. 1s 

16 

17 

18 

19 

If a sample is in a form that precludes the above test, there are several options available in the 
referenced method. Items that would preclude the above test may include: 
radioactivity level, noncohesive sample, loose sample requiring remolding, and chemicals in the 
sample that are incompatible with the latex membrane. 

small sample size due to 

A small sample size may require permeability testing in a consolidation cell. This method is not 
addressed in SW-846, but is found in the Army Corps of Engineers Manual EM 11 10-2-1906, 
Appendix VII, paragraph 8. 22 

20 

21 

Noncohesive samples will require the use of a solid wall permeameter, such as a compaction or 
standard permeameter. These methods are found in SW-846, Method 9100, Sections 2.5. 2.6, and 2.7, 
and include both constant-head and falling-head methods. The selection of constant- or falling-head 
methods is not critical as both methods provide similar results. These methods are also applicable to 

23 

24 

25 

26 

samples containing chemicals incompatible with the latex membrane. n 

If a sample q u i r e s  remolding, a remolding density should be supplied. A moisture/density relation- 28 

29 

30 

ship curve can be generated to aid in the determination of remolding density. The permeability of 

255 remolded samples may be determined by any of the aforementioned methods. If the sample is 
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cohesive, the constant-head method, using a triaxial cell with back pressure, is again the method of 1 

choice. 2 
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GENERIC pH AND EH PROCEDURE I 

I. Single Commnent SamDle 2 

1. Calibrate electrode as specified by the vendor. Record calibration data. 3 

2. Place a few grams of material in a container (e.g., a 5-0~nCe plastic Container). 4 

3. Add water to mixture and stir with a spatula until a wet slurry is produced. There should 5 

6 

I 

damage to the electrode. 8 

be free water present. Enough water must be added to allow insertion of electrode in 
liquid phase with minimal contact with the solid phase. This procedure will minimize 

4. Insert pH or Eh probe in liquid phase. 9 

5. Take reading when measurement stabilizes. 10 

11. Multicommnent Samde 11 

The procedure is the same with the single component sample except that the sample is mixed 12 

13 before it is added to the container. 
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PROPOSED MEASUREMENT OF RADON EMISSIONS FROM STABILIZED WASTE 

1 .o 

2.0 

2.1 

3.0 

3.1 

3.1.1 

3.2 

3.3 

3.3.1 

3.3.2 

Purpose and Application 
A radon emission measurement technique is proposed for determining radon emissions from 
treated Operable Unit 4 materials. The test will determine the activity of radon emitted from 
the material’s final form by measuring the radon activity in the air flowing through a chamber 
containing the waste form. 

Definitions 

See Figure C-I 

Procedure 

A cylinder of solidified material, having a known volume and surface area, is placed in a 
sealed container having one inlet and one outlet. Air is pumped through the chamber until 
equilibrium is reached. The radon in the exhaust stream is then measured. The radon emitted 
from the solidified material during a known time will be equal to the radon removed in the 
chamber’s exhaust stream. 

Interference 
No known interferences. 

Sample Handling, Preservation, and Holding Time 

Application of these procedures on hazardous waste samples must consider the known or 
suspected hazardous compounds present. Project-specific selection of work area, safe working 
practices, and personal protective equipment shall be made based upon exposure potential to 
the hazardous components. \ 

All applicable safety and compliance guidelines set forth by IT Corporation and by federal, 
state, and local regulations must be followed during performance of this procedure. All work 
must be stopped if a known or potential compromise to the health or safety of any IT 
Analytical Services (ITAS) Associate, and must be reported immediately to a laboratory 
supervisor. 
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3.3.3 

3.3.4 

3.4 

3.4.1 

3.4.2 

3.4.3 

3.4.4 

3.4.5 

3.4.6 

3.4.7 

3.4.8 

3.4.9 

3.5 

3.5.1 

3.5.2 

3.5.3 

3.5.4 

3.5.5 

3.5.6 

There are no holding times applicable to this procedure. 

The= are no preservation requirements applicable to this procedure. 

Required equipment 

Air-tight test chamber of known volume. 

One (1) small fan. 

One (1) diaphragm pump (Brailsford TD-3LL or equivalent). 

One (1) rotameter. 

Two (2) activated carbon radon canisters. 

One (1) desiccant canister. 

One (1) metering valve (Swagelok B-SM or equivalent). 

Tubing, fitting, and connectors. 

One (1) continuous flow radon detector (Pylon AB-5 or equivalent). 

Operation 

Assemble test equipment as shown in Figure C-1. 

Place treated solid in test chamber with fan. 

start fan. 

Open value "A," and close valve "B." 

Start pump. 

Start radon detector in continuous counting mode. 
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3.5.7 Monitor detector until counts stabilize. 
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1 

3.5.8 Switch detector to integrated count and count for 10 minutes. Record count. 

3.5.9 Repeat step 3.5.7 two (2) times and record counts each time, for a total of three recorded 
measurements. 

3.5.10 Open valve "B" and close valve "A." 

3.5.11 Repeat steps 3.5.6 through 3.5.8. 

3.5.12 Remove solid and store in air-tight container. 

3.5.13 Switch radon detector to continuous mode. 

3.5.14 Continue operating system until count rate returns to background levels. 

3.5.6 Quality Control 

3.5.6.1 None. 

4.0 Nonconformance and Corrective Action 

4.1 Any failure to follow this procedure will be noted on a nonconformance memo. The 
corrective action will be verified by the quality control coordinator and approved by the 
appropriate operations manager. 

5.0 Records Management 

5.1 All data will be recorded in standard laboratory notebooks. 
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AIR FLOW 
c 

Valve A A 
Flow 

. . . . .  . . . .  . . . . .  . . . .  . . . . .  . . . .  . . . . .  . . . . .  . . . .  . . . . .  . . . .  . . . .  . . . . .  . . . .  

Exhausted to . . . .  
* Hood/Vent . . . . .  

. . . . .  . . . .  . . . . .  . . . .  . . . . .  

\ 
Provision To Insert 

Exhaust Stream 
For 6 - 8 Hours 
(For Verification 
Measurement) 

Carbon Trap Into 
RnNapodMoist ure 
Trap (Activated 
Carbon + Desiccant) 

# a 
bj 

FIGURE C-1. PROPOSED RN-222 COLLECTION/MEASUREMENT SYSTEM 
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Calculations: 1 

The radon emitted from the solidified form will be calculated using the following equation: 2 

A @Cl) = C @Ci/L) * Q (L/min) * T (min)/h4 (g) (1) 3 

where 

A =  

C =  
M =  
Q =  
T =  

Radon activity emitted per gram of sample over time, t (pCi/g) 
Measured concentration of radon in exhaust air at equilibrium (pCi/L) 
Initial mass of sample in solidified material (g) 
Flow rate (L/min) 
Time of count (10 min) 

4 

Example calculation: 10 

Assuming the measured concentration of radon from a 200 gram sample (M = 200) is 100 pCi/L (C = 
100) during a 10-minute count (T = 10) at a flow rate of 1 L/min (Q = l), A becomes: 

11 

12 

A = 100 pCi/L * 1 L/min * 10 min/200 g 13 

and 
A = 5 pCi/g 

14 

15 
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SHEAR STRENGTH 

The following is a procedure to determine shear strength. 

1 

2 
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1. GENERAL 2471 
The CL-600A Torvane is a s c i e n t i f i c a l l y  designed soil tes t ing  instrument for  

t h e  r ap id  determination of shear strength of cohesive soils, e i t h e r  in the Meld 

o r  in the laboratory. 

The Torvane permi ts  t h e  r ap id  de te rmina t ion  o f  a l a r g e  number of  s t rength 

It is simple to use and 

All that is required is a reasonably f lat  two- 

va lues  wi th  d i f f e r e n t  o r i e n t a t i o n  o f  f a i l u r e  planes. 

sample trimming is e l imina ted .  

inch minimum diameter surface. 

The Torvane, i d e a l l y  s u i t e d  t o  field usage, is an invaluable addition to  the  

i n s p e c t o r ' s  k i t  o r  t o  t h e  c o n s u l t i n g  engineer .  Here are some suggested 

applications f o r  evaluation of shear strength.  

1. Ehds of Shelby tube samples. 

2. Standard penetration samples. 

3. Split spoon samples. 

4. Q m k  samples from test p i t s  and backhoe excavations. 

5. Sides of test p i t s .  

The instrument  has a stress range o f  zero to 2.5 kg./sq. cm (tons/sq. ft.). 

This is also t h e  approximate range of torque t h a t  can be eas i ly  applied by the  

f i n g e r s .  It should be used only f o r  f u l l y  s a t u r a t e d  cohes ive  s o i l s  whose 

undrained s t r e n g t h  is independent of normal pressure. Ihe stress range permits 

it to be used for clays varying in consistency from very soft to stiff. Ihe d i a l  

head is equipped wi th ' a  mechanism to hold the maximum reading after release. ' he  

inst rument  is supplied with three vanes. The standard vane (1 inch diameter) is 

for a range of 0 t o  1.0 kg./sq. cm. ?he sens i t ive  vane (1 7/8 inch diameter) is 

for a range  of 0 t o  0.2 kg./sq. cm. When t h i s  vane is used, multiply the  scale 

reading by 0.2 t o  get  the shear strength of the material. The high capacity vane 

(3 /4  i n c h  diameter)  is for the range of 0 t o  2.5 kg./sq. cm. When this vane is 

used, multiply the reading by 2.5. 

1-1 



The Torvane was developed i n  connect ion with an i n v e s t i g a t i o n  o f  s e v e r a l  

massive l a n d s l i d e s  &ich occurred as a result of the Alaska earthquake in 1964. 
Its or ig ina l  purpose was to speed up the job of determining the  shear s t rengt  g 4 7 1  of  

c o h e s i v e  s o i l  a t  t h e  e n d s  o f  S h e l b y  t u b e  samples rather than r e s o r t  t o  

conventional compression t e s t ing  methods. 

Tests performed wi th  the Torvane also provide excellent supplemental data f o r  

Ihe results of such tests are rapid 

The Torvane a l s o  can be used s u c c e s s f u l l y  i n  evaluating si te 

extensive foundation investigation programs. 

and accu ra t e .  

conditions in the planning of laboratory investigations.  

The shear strength of a cohesive s o i l  is dependent upon many fac tors ,  including 

r a t e  o f ’ l o a d i n g ,  progressive failure, or ientat ion of  the failure plane and pore 

water mig ra i ton  dur ing  t e s t i n g .  ?he Torvane does not eliminate the effects of  

a n y  o f  t h e  v a r i a b l e s .  Homogeneous c lay and e x t e n s i v e  l a b o r a t o r y  t e s t i n g  

i n d i c a t e s  e x c e l l e n t  agreement between the unconfined compression test and the 

Torvane. The smallest d i v i s i o n  on t h e  d i a l  is i n  units o f  0.05 kg./sq. an., 

p e r m i t t i n g  v i s u a l  i n t e r p o l a t i o n  t o  the n e a r e s t  0.01 kg./sq. cm. The graph 

Showing the correlat ion between readings of the Torvane and shear strength values 

by unconfined compression tests and t r i a x i a l  tests are given in Figure 1. 

21 PROCEDURE 

2.1 Prepare a flat Surface on the cohesive undisturbed material.. 

2.2 Attach the standard vane of suitable range to the stem by pressing the end 

of the stem i n t o  the square recess on the vane all the way. 

2.3 Check that the zero of the  c i rcu lar  scale coincides with the  index on the 

head. If n o t ,  r o t a t e  the d i a l  w i t h  f i nge r  t i p  on the embossed numbers i n  the 

counter clockwise direct ion u n t i l  it stops at  the index. 

1-2 



' * .  - .  24771 I . 2.4 Press the Torvane careful ly  i n t o  the soil with the stem a t  r i g h t  angles t o  

the surface, t o  the depth of the blades. 

2.5 Maintaining a constant ve r t i ca l  load by finger pressure, slowly turn the 

Note: A rate of knob a t  a c o n s t a n t  rate to  provide a to rque  on t h e  vane. 

ro ta t ion  such that failure develops i n  5 t o  10 seconds is recomended. 
1 

2.6 After sample fails, read Torvane shear strength on the circular scale just 

against  the index. 

2.7 Multiply the reading by the proper scale factor to get the shear strength.  

(For the high c a p a c i t y  vane,  t h e  smallest, t h e  scale f a c t o r  is 2.5; for the 

s e n s i t i v e  vane, the largest ,  the scale f a c t o r  is 0.2; f o r  the standard vane, 

medimum size, the scale factor is 1.) 

2.8 Before making another test ,  re-zero the'scale by ro ta t ing  it with f inger  

t i p  in the counter 'clockwise direct ion u n t i l  it stops at  the index. 

2.9 Take r e a d i n g s  a t  d i f f e r e n t  s p o t s  ( i f  poss ib l e )  on the  s u r f a c e  and 

calculate the average value. 

3: LABUSES 

3.1 Before conducting unconfined compression tests o r  t r i a x i a l  tests on 

undis turbed samples, c u t  t he  sample i n t o  segments 1/2 i n c h  longe r  than the 

desired l e n g t h ,  and perform Torvane test on each end. ?hen trim the material 

d i s tu rbed  by the test. It is easier to do the test while the specimen is i n  the 

sampling tube, after trimming at  one end. 

3.2 Use the  Torvane test as a c o n t r o l  test to determine the shear strength 

prior to other tes t ing.  
* .  

3i3  I n  consolidation testing,-  after the specimen has been consolidated under a 

d e s i r e d  normal  stress, remove t h e  uppe r  porous s tone  and determine t h e  

consolidated shear strength of the specimen using the Torvane. 

268 
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METAL EXTRACTIONS 

1.0 Acid Extractions 
Approximately 1-gram aliquots of each sample will be weighed in the hood in HACH COD Digester 
Vials (rated pressure 10 am). Room temperature vials will be shaken with acid for 2 hours. Room 
temperature will be the actual temperature inside the hood, and this value will be recorded in a 
standard laboratory notebook. The digestions will be carried out in a HACH Micro COD Digester 
(Appendix E). The extractions will be heated at l@C and digested for 2 hours in the HACH 
Digester within the hood. After digestion, the samples will be separated by decanting into a 20-mL 
scintillation vial. Solids will be retained in the COD vial until the decision can be made whether or 
not to cany them into the next phase. This will be based on the lead and uranium content of the 
extract. If one of the digestions is clearly superior to the others, further treatment of the others will be 
aborted. A superior digestion will be one that extracts the greatest amount of lead and uranium. If 
not processed further, solids will be transferred to a 1-pint container for disposal. Liquids will be 
syringe-filtered (0.45 micron) into 8-mL scintillation vials. The filtered samples will be diluted (ca 
1:lOOO to 1:loooO) into 20-mL scintillation vials and analyzed for lead. The carbon tetrachloride in 
the original procedure has been replaced by l,l,l-trichloroethane. The solutions will be separated by 
removing the bottom layer with a Pasteur pipet rather than a separatory funnel. Samples diluted 
1:lOOO to 1:loooO with deionized water will then be transferred to a COD vial containing 5 mL of 0.1 
percent potassium cyanide, sealed, shaken, and allowed to settle. Quantification of the lead will be by 
HACH DIU-3. The HACH D E - 3  is a spectrophotometer used to measure the absohance of the lead 
solution. As an extra precaution, the COD vials containing cyanide buffer have been preloaded with 
reagent so that the maximum amount of reagent handled at any one time will be 5 mL. Uranium 
analysis will be performed on the organic layer after the lead content has been determined. 

2.0 Ethvlenediaminetetraacetic Acid Extractions 
Literature results using ethylenediaminetetraacetic acid (EDTA) as leachate are contradictory. It 
appears that EDTA might have some benefit as an extractant. Because of this, a range-finding test 
using 0.2 molar EDTA will also be run. 

Approximately 1-gram aliquots of each sample will be weighed in the hood in HACH COD Digester 
Vials (rated pressure 10 am). Room temperature vials will be shaken with acid for 2 hours. Room 
temperature will be the actual temperature inside the hood, and this value will be recorded in a 
standard laboratory notebook. The extractions will be camed out in a HACH Micm COD Digester 
(Appendix E). The sample will be extracted for 2 hours in the HACH Digester within the hood. 
After extraction, the samples will be separated by decanting into a 20-mL scintillation vial. Solids will 
be retained in the COD vial until the decision can be made whether or not to carry them into the next 
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phase. This will be based on the lead and uranium content of the extract. If not processed further, 
solids will be transferred to a 1-pint container for disposal. 

1 

2 

Samples will be analyzed for lead as before (EDTA samples may require pretreatment nitric acid 
digestion) and for uranium. 4 

3 

Criteria for success will be the magnitude of lead and uranium leached compared to the other 
processes. 

5 

6 
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PRECIPITATION 1 

Leachate from the acid or EDTA extractions will be placed in a beaker. Measured quantities of 
precipitation reagents will be added and stirred in by hand until completely dissolved. The initial 
precipitation reagents to be investigated are sodium or potassium solutions of hydroxide, sulfide, 
sulfate, carbonate, and phosphate. Also calcium hydroxide, magnesium hydroxide, alum, femc sulfate, 

so that the liquid can be decanted. 

2 

3 

4 

5 

6 

I 

and aqueous sodium silicate will be investigated. The mixture may be centrifuged to settle the solids 
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VITRIFICATION OF LEACHATE 1 

The leachate will be analyzed to determine the metals concentration This will be used to estimate the 
quantities of glass-making reagents required. The leachate will be evaporated to a dry solid; reagents 
will be mixed in by hand and placed in a crucible. The mixture will be melted in the muffle furnace 
at approximately 125OOC. 5 

2 

3 

4 
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GENERIC URANIUM BY ION CHROMATOGRAPHY 
WITH POST-COLUMN REACTION AND 

PHOSPHORESCENCE OR FLUORESCENCE DETECTION 

This method uses ion chromatography in the cation-exchange mode to separate the uranium as UOg2 
(uranyl ion) from interferences. As the uranyl ion leaves the analytical column it is mixed with 39 
percent H3P04 to give a final concentration of approximately 19 percent H3P04. The addition of 
H3P04 enhances the fluorescence of the uranyl ion. Finally, the post-column reaction mixtures pass 
through a flow-through cell mounted in a fluorescence detector. Response has been found to be linear 
over the range studies (10 to 500 parts per billion [ppb]). The equipment and conditions for this 
method are listed below: 

W 

W 

W 

W 

W 

W 

W 

W 

W 

W 

W 

High performance liquid chromatography (HPLC) pump - LDCMilton Roy Constametnc 
I11 
Post-column reagent pump - LDCMilton Roy Constametnc I11 
Injection valve - Altex 210 
Sample loop size - 147 uL 
Analytical columns - Dionex HPIC-CG2 Cation Guard 
Analytical columns - Dionex I-IPK-CG2 Cation Analytical 
Post column reactor (PCR) - 1/16-inch SS low dead volume "TEE" and 12-inch coil, 
heated 6OoC with a water bath 
Detector - Perkin Elmer 204 - S Fluorescence Detector 
Detector excitation wavelength - 275 nm 
Detector emission wavelength - 515 nm 
Eluant - 0.1 M H3P04 
Eluant Flow - 1.5 mL/min 
PCR reagent - 39 percent weight H3P04 (1 volume 85 percent H3P04 to two volumes 

PCR reagent flow rate - 1.1 mL/min 
H,O) 

The concentrations of H3P0, and brands of equipment are for examples only. They may be modified 
during the study. 
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PROPOSED MEASUREMENT OF RADON LEACHING IN WATER 

Objective, Application, and Use of the Resulting Data 

This procedure proposes a method for determining the leachability of radon (Rn) from 
stabilized Operable Unit 4 waste into a water leachant. The objective of the test is to 
measure the rate radon will leach out of the treated material as required by U.S. EPA. The 
test will determine the activity of radon leached or emitted from the stabilized waste form by 
measuring the radon activity in the water leachate. The detection limit goal for Rn will be 
300 pCi/L. See Federal Register 56, p. 33050 - 33127, July 18, 1991. The results will be 
presented in tabular form in the FS. 

Procedure 

summary 

A stabilized material of known mass and approximate geometric surface area will be leached 
in deionized water for 7 and 30 days. The leachant volume (cm3) to specimen geometric 
surface area (cm2) will be maintained greater than 10. The measured Rn in the leachate will 
be back calculated to the amount of Rn leached from the stabilized mass during the leaching 
period. 

1 

Measurement of radon will be by either liquid scintillation or radon emanation. If liquid 
scintillation is used, the procedures given in EPA Draft Method 913.0 will be used. 

Interference 
No known interferences 

Sample Handling, Preservation, and Holding Time 

Application of these procedures on hazardous waste samples must consider the known or 
suspected hazardous compounds present. hject-specific selection of work area, safe 
working practices. and personal protective equipment shall be made based upon exposure 
potential to the hazardous components. 

All applicable safety and compliance guidelines set forth by IT Corporation and by federal, 
state, and local regulations must be followed during performance of this procedure. All 
work must be stopped if a known or potential compromise to the health or safety of any IT 
Analytical Services (ITAS) Associate, and must be reported immediately to a laboratory 
supervisor. 

There are no preservation requirements applicable to this procedure. 

Required Equipment 

Demonstrated sealable Teflon or glass container of known volume. 

Timer 275 
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2.4.3 

2.4.4 

2.5 

2.5.1 

2.5.2 

2.5.3 

2.5.4 

2.5.5 

2.5.6 

2.5.7 

2.5.8 

2.5.9 

2.5.10 

2.5.1 1 

2.6 

2.6.1 

3.0 

3.1 

4.0 

4.1 

5.0 

Agitator 1 

Polymeric net to suspend sample in leachant. 2 

Operation 3 

Remove plastic mold or crucible from stabilized waste. 4 

Determine approximate surface area of stabilized waste. 5 

Insert stabilized waste into polymeric net. 6 

Insen waste and net assembly into container. The waste should not contact the bottom or 
sides of the container. 8 

7 

Add deionized water to the container. Enough water shall be added to exceed the 10 to 1 9 

10 

11 

leachant volume to sample geometric surface area requirement and to minimize vapor space 
to the extent possible in the container. 

Close container, note the date and time the container was sealed. 
- 

12 

Place container in agitator. Agitate slowly. 13 

Agitate during normal working hours for 7 and 30 days. 14 

Rapidly remove enough leachate to conduct the liquid scintillation or radon emanation test. I5 

Perform liquid scintillation or radon emanation test. 16 

Calculate the Rn in the liquid scintillation sample, in the original leachate solution, and the 17 

18 amount of Rn leached or emitted during the leaching period. 

Quality Control 19 

The data will be inspected by the QC officer. Deviations from the established procedure 
will be noted in nonconformance memos. 

m 
21 

Nonconformance and Corrective Action 22 

Any failure to follow this procedure will be noted on a nonconformance memo. The 23 

-24 corrective action will be verified by the quality control coordinator and approved by the 
appropriate operations manager. 25 

Records Management 26 

All data will be recorded in standard laboratory notebooks. 27 

Example Calculation 276 28 
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5.1 Example calculation to determine the rate at which RN-222 is leached from treated waste 1 

forms. 2 

Thus, if a sample from a total leachate volume of 2 liters (V = 2) contained 300 pCi/L (C(t} = 300) at 
the end of a 30-day leaching experiment (t = 30). R would equal 109 jCi/day from the test monolith. 

\ 
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Standard Test Method for 
Wetting and Drying Test of Solid Wastes' 

1 

24 ;Pp i 

I: 
This standard is issued under the fixed designation D 4843; the number immediately following the designation indicates the year of 
original adoption or, in the case of revision. the year of last revision. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon (e) indicates an editorial change since the last revision or reapproval. 

1. Scope 
1.1 This test method covers procedures for determining 

material losses produced by repeated wetting and drying of 
solid waste specimens. It also covers the visual observation of 
the disintegration of solid specimens. 

1.2 This test method intends that the material used in the 
procedure be physically, chemically, and biologically repre- 
sentative; hence it does not address problems as a result of 
the inhomogeneity of specimens. 

1.3 This standard may involve hazardous materials, oper- 
ations, and equipment. This standard does not purport to 
address all of the safety problems associated with its use. It is 
the responsibility of the user of this standard to establish 
appropriate safety and health practices and determine the 
applicability of regulatory limitations prior to use. 

2. Referenced Documents 

2.1 ASTM Standards: 
C 305 Practice for Mechanical Mixing of Hydraulic Ce- 

ment Pastes and Mortars of Plastic Consistency2 
D 22 16 Test Method for Laboratory Determination of 

Water (Moisture) Content of Soil, Rock, and Soil- 
Aggregate Mixtures3 

3. Significance and ,Use 
3.1 This test method is intended for the evaluation of the 

wetting and drying resistance of monolithic. solid. solidified/ 
stabilized wastes under the testing conditions of this test 
method. 

3.2 This test method may be used for the comparison of 
wetting and drying resistance of wastes. 

3.3 Data tabulated in Tables 1, 2, and 3 may be used to 
observe irregularities caused by inhomogeneity of specimens 
and/or comparison of mass loss-cycle relations of different 
wastes. as well as to measure method-related mass losses such 
as matrix dissolution. 

4. Appmms 
4.1 Disposable Molds. 44 mm inside diameter by 74 mm 

in length. 
3.2 Baiunce or Scale. with a capacity at least 50 % greater 

than the mass of the specimen and beaker. and a sensitivity 
of 0.01 g. 

' This IS: method is under the jurisdiction of ASTS1 Committee D-34 on 
Waste D i s n d  3nd is the direct responsibility of Subcommittee D34.01 on 
Physicd in13 Chemical Cbincrenzatlon. 

Current eciuon approved J u l y  19. 19XS. Published Scpttmber 1958. 
04.0 I .  

.' ..iuii:iz: %,k (!r'.iST.'.f S:muuras. \'oi 04.08. 
, ~m:c. j , , ~  ,!r'..iST.'.f 5:~nuurris. 

4.3 Doling Oven, a thermostatically controlled drying 
oven capable of maintaining a temperature of 60 f 2°C; to 
be used for drying moisture specimen and for the soli& 
content determination. 

4.4 Oven, capable of maintaining a temperature of 60 +, 
3°C; at a nitrogen purge rate specified in 4.5. 

4.5 Flow Controller, to set nitrogen purge flow at a rab 
that will give 30 f 5 min residence time. 

4.6 Moisture Chamber, a suitably covered container ca- 
pable of maintaining a temperature of 20 f 3°C and 
minimum 95 ?6 relative humidity, for preconditioning s p e ~  
imens. 

4.7 Beakers, 400-mL size (narrow type), to store sample 
and to collect particulates. 

4.8 Tongs, to handle samples. 

5. Sample Preparation 

length. 
5.1 Specimen S i z e 4 4  mm diameter by 74 mm in 

5. I .  1 Specimens may be cut to size from larger samples. 
5.1.2 Specimens can also be molded in disposable plastic 

molds. When molding specimens refer to Practice C 305 (see 
2.1). 
NOTE I--Practice C 305 refers to pastes and mortars. Molding 

materials with different consistency may require mdfications and may 
result in different precision. 

5.2 Condition samples that are not molded for this test in 
the moisture chamber for a period of seven days. 

5.2.1 Samples molded for this test have to be cured in the 
moisture chamber for a period of 28 days. I 

6. Procedure 
6.1 Select one specimen for moisture content determina- 

tion. 
6.2 Determine moisture content of sample with Test 

Method D 22 16 but revised to use a temperature of 60 f 3'C 
(see 2.2). 

6.3 Select three specimens for testing and three for conwl 
and mark them respectively. 

6.4 Weigh specimens (accuracy to 0.0 1 g). 
6.5 Place each specimen into a beaker of known tare m a s  

6.5.1 Use watch glass or plastic wrap. 
6.5.2 The tare mass of beaker shall be determined after 

dning in accordance with Test Method D 22 16. 
6.6 Place the three beakers containing the testing speci- 

mens in an oven. Maintain the temperature at 60 f 3°C for 
24 h while purging the oven ivith nitrogen gas at the 
controlled !low rate corresponding to 30 k 5 rnin residence 
time. 

(accuracy to 0.01 g) and cover it. 

W P '  
W P '  
Test 5 

8. 

Sam 
Sam 
Test 
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TABLE 1 ControlGroup 

Laboratory: 
Tecnniaan: 

TABLE 2 SempleGroup 

6.6.1 In order to remove moisture from the drogen 
stream, a water-cooled condenser and condensate collection 
flask may be used downstream from the oven. 

6.7 Store the three beakers with the control specimens in 

6.8 Remove the specimens from the vacuum oven and the 
chamber. Allow 1 h for the sample to cool to room 

IemPerature. Add 230 mL distilled water to the beaker to 

moisture chamber a t  20°C for 24 h. 

cover the specimens. 
6.8.1 Add laboratory temperature water 20 f 3°C. 
6 9  Place a watch glass or plastic wrap on the beakers and 

store the water covered specimens at 20 f 3'C for 23 h; then 
transfer them to new beakers prepared according to 6.5. 

6.9.1 Use tongs to transfer specimens. Excessive tong pres- 
sure may result in premature failure or damage specimen. 

6.10 Remove any. loosely attached particulates by 
spraying distilled water from a wash bottle to the surface of 
specimen (10 to 20 mL distilled water). Let the water drain 
into the beaker of origin. 

6.1 1 Conduct visual observation on the specimens' phys- 
ical deterioration including: cracking, fracturing, inte 
and surface roughness. 2??4 

6.12 Determine the specimens' mass loss; solid content in 

6.13 Correct the average relative mass loss of samples 
beakers by evaporating water at 60 f 3°C in drying oven. 

using the average relative mass loss of control specimens. 

I 
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3. 
10. 
11. 

12. 

TABLE 3 Relative Weight Loss 

I I 
i 

Laboratory: 
Technician: 

%->!e name: 
Sczzie Id No.: 
Tes: Stan Date: 

I I I I 

e. J 

IS I I I I I I 

6.14 Repeat the procedures in 6.5 through 6.10 eleven 
addirional times, for a total of 12 cycles. 

6.15 Terminate experiment of all specimens if the cor- 
rected cumulative mass loss of any of the specimens exceeds 
30 % (failure), and note the number of cycles survived. 

7. Calculation 
7.1 Calculate the dry mass of the specimens as follows: 

where: 
-\I, = oven dry mass of specimen, 
:\Isw = initial mass of specimen, and 
H’ = moisture content, 5%. 
It is assumed that the moisture contents of specimens are 
identical. Oven dry masses of sample and control specimens 
are calculated on that basis. 

7.2 Calculate corrected mass loss of specimens after each 
cycle. Express mass loss in percent of initial calculated 
oven-dry mass. Calculate average cumulated corrected mass 
loss of specimens after each cycle. 

where: 
Wi,sj = mass loss of sample j during cycle i, g, 
TiJj  = oven-dry mass of beaker and residue of sample j 

Bi.,j = oven-dry mass of beaker for sample j before cycle i, 

(2) 

W .  J..SJ , . =  T . . . - B .  l.\J I.SJ . g  (1) 

after cycle i, in g, and 

g. 
Wi.cj = Ti.c.j - Bi.cj  g 

where: 
W,,j = mass loss of control j during cycle i, in g, 
T,.cj = oven-dry mass of beaker and residue of control j 

Bi.cj = oven-dry mass of beaker for control j before cycle i, 
after cycle i, in g, and 

in g. 

2478 

where: 
Ri..v,, = relative mass loss of sample j during cycle i. 5. 
li;..,%; = mass loss of sample j during cycie i. in g. and 
A l , ,  = oven-dn, mass of specimen j .  in  g. 

(3) 

(4) 

where: 
Ri,cJ = relative mass loss of control j during cycle i %, 
W’,.cJ = mass loss of control j during c!de i. in ,e. and 
M c j  = oven-dry mass of control j .  in g. 

P d R!.SJ 

- ,=1-3 

( 5 )  

= average relative mass loss of samples 0’ = 1 - 3) 

s R i L J  

R .  = .  5 
3 1.5 

where: 

during cycle i %. and 
R,.sj = relative mass loss of sample j during cycle i 5%. 

where: 
Ri,  = average relative mass loss of control (j = 1 - 3) 

Ri,cj = relative mass loss of control j during cycle i %. 
(7) 

where: 
c, = average corrected relative mass loss of samples (I’ = 1 

R,, = average relative mass loss of samples (j = 1 - 3) 

Ri,c = average relative mass loss of control (I’ = 1 - 3) 

si = 2 c; % (8) 

where: 
Si = average cumulated, corrected relative mass loss of 

ci = average corrected relative mass loss of samples (I’ = 1 

during cycle i %, and 

c; = R,, - R;., cro 

- 3) during cycle i %, 

during cycle i %, and 

during cycle i %. 

1 - I - i  

samples after i cycles %, and 

- 3) during cycle i %. 
s =  2: z.;% (9) 

1-1-12 

where: 
3 = average cumulated, corrected relative mass loss of 

ci = average corrected relative mass loss of samples 0’ = 1 

8. Report 

samples after 12 cycles, %, and 

- 3) during cycle i, 5%. 

8.1 Report the following information: 
8.1.1 Moisture content of specimens. 
8.1.2 Average cumulative, corrected relative mass loss 

8.1.3 Number of cycles survived if the specimens did not 

8.1.4 Results of visual observation after each cycle 

after 12 cycles. ( S )  

survive 12 cycles of testing. 

(physical deterioration). 260 
150 
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precision and BiasJ 

9. I The precision of this 
?\tiation. was determined 

rive controls. Duplicates of samples and controls were 
measured in each laboratory. 

9.2 The precision of this test method can be expressed as 

Sample Code Mean (.n Srandvd Deviation(s) 

method. in Of standard 

;vol ing five laboratories. two types of samples and respec- 
in an interlaboratory experiment ~ o ~ o w s :  

LFP 0.024 0.038 
CFP 0.1 I? 0.138 

Y 
4suppomng data are available from ASTM Headquancrs. R~~~ m: 9.3 The Precision Of this test method may be dependent 
83c100.1. on the level of the properties measured. 

The American Society for Testing and Materials takes no pasaon resoecting the validffy of any patent rights assened in connectton 
wrth 8ny Itern rnentroned rn thls standard Users of this standard are expressly advised that determination Of the valrdffy Of my SUCh 
patent rights, end the risk of infringement of such rigMs. are entirely their own responsibrlrty. 

This standard is subject to revision et eny time by the responsib4 technical cornmiflee and must be reviewed every five years and 
if not revised, either reapproved or withdrawn. Your comments are inv~ed either lor revision of this St8nd6rd or for 8ddiiiOflal StanQardS 
and should be addressed to ASTM Heedquarlers. Your commem will receive careful consideration at e meeting of the responsible 
technical comrninee. which you may amend. If you feel that your comments have not received a fair hearing you should make ywr 
views known to the ASTM Comminee on Standards. 1916 Race St., Philadelphia. PA 19103. 



Designation: D 4842 - 90 dm 24 78 

Standard Test Method for 
Determining the Resistance of Solid Wastes to Freezing and 
Thawing' 

This standard is issued under the fixed designation D 4842: the number immediately following the designation indicates the year of 
original adoption or. in the case of revision. the year of last revision. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon (0 indicates an editorial change since the last revision or reapproval. 

1. Scope 
1.1 This test method covers procedures for determining 

material losses produced by repeated freezing and thawing of 
solid waste specimens. It also covers the visual observation of 
the disintegration of solid specimens. 

1.2 This test method intends that the material used in the 
procedure be physically, chemically, and biologically repre- 
sentative, hence it does not address problems as a result of 
the inhomogeneity of specimens. 

1.3 This standard may involve hazardous materials, oper- 
arions, and equipment. This standard does not purpon to 
address all of the safety problems associated with its use. I t  is 
the responsibility of the user of this standard to establish 
appropriate safety and health practices and determine the 
applicability of regulatory limitations prior to use, 

than the weight of the specimen and beaker, and a sensitivity 

4.3 Drying Oven, a thermostatically controlled drying 
oven capable of maintaining a temperature of 60 2 2°C; to . 
be used for drying moisture specimen and for the solids 
content determination. 

4.4 Freezing Cabinet, capable of maintaining -20 f 3°C. , 
4.5 Refrigerator, capable of maintaining +4 2 3°C. 
4.6 Moisture Chamber, a suitably covered container ca- 

pable of maintaining a temperature of 20 -C 3°C and 
maintain 95 % relative humidity, for preconditioning and 
thawing specimens. 

4.7 Beakers, 400-mL size (narrow type), to store sample 
and to collect particulates. 

4.8 Tongs, to handle samples. 

of 0.01 g. 

I 

2. Referenced Documents 

2.1 ASTM Sfandards: 
C 305 Practice for Mechanical Mixing of Hydraulic Ce- 

ment Pastes and Mortars of Plastic Consistency2 
D2216 Test Method for Laboratory Determination of 

Water (Moisture) Content of Soil, Rock, and Soil- 
Aggregate Mixtures' 

3. Significance and Use 
3.1 This test method is intended for the evaluation of the 

freezing and thawing resistance of monolithic. solid. solidi- 
fiedhtabilized wastes under the testing conditions of this test 
merhod. 

j.2 This test method may be used for the comparison of 
freezing and thawing resistance of wastes. 

5.3 Data tabulated in the charts shown in Figs. 1 ?  2 and 3 
may be used to obsene irregularities caused by inhomo- 
geneity of specimens or comparison of mass loss-cycle 
relations of different wastes. or both. 3s  well as to measure 
merhod-related weight losses such as matrix dissolution. 

4. Apparatus 

in Icngth. 
4. I Disposable :blolds. 14-mm inside diameter by 74-mm 

-1.' Balaiicc or Scale. with a capacity at least 50 76 greater 

5. Sample Preparation 

length. 
'5.1 Specimen Size-44-mm diameter by 74-mm in 

5.1.1 Specimens may be cut to size from larger samples. 
5.1.2 Specimens can also be molded in disposable plastic 

molds. When molding specimens refer to Practice C 305 (see 
2.1). 
NOTE !-Practice C305 refen to pastes and m o d .  Molding 

marerials with different consistency may require modifications and may 
result in different precision. 

5.2 Condition samples that are not molded for this test in 

5.2.1 Samples molded for this test have to be cured in the 
the moisture chamber for a period of seven days. 

moisture chamber for a period of 28 days. 

6. Procedure 
6.1 Select one specimen for moisture content determina- 

tion. 
6.2 Determine moisture content of specimen in accord- 

ance uith Test Method D 2216 but revised to use a temper- i 
ature of 60" f 3°C (see 2.1). 

6.3 Select three specimens for testing and three for control ' 

and mark them respectively. 
6.4 \Vel& specimens (to the nearest 0.01 g). 
6.5 Place each specimen into a tared beaker. dned in 

accordance with Test Method D 2216. and wei_ehed to the 
nearesr 0.01 g. Cover the beaker with 3 watch glass or plastic 
wrap. 

6.6 Place the three beakers with testing specimens in 3 
freezing cabinet. klaintain temperature at -20 2 YC for 24 
h. 

6.7 Store the three beakers with the control s ecimens in 
the moisture chamber at 30°C for 24 h. 2 8 2 
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71 mi 
9. 

10. 

11. 

12. 

2471 
TABLE 1 Control Group 

Laboratory: 
Tecnnician: 

6.8 Remove the specimens from the freezing cabinet and 
the moisture chamber. 

6.8.1 To the frozen specimens add 240 mL of distilled 
chilled water. This water shall be at a temperature of 4 3°C. 

6.8.2 To the control specimens, add 240 mL of room 
temperature water. This water shall be at a temperature of 20 
t 3’C. 

6.8.3 Place a watch glass or plastic w a p  on the beakers 
and store the water covered specimens at 20 & 3°C for 23 h. 

6.9 Using tongs, transfer each specimen to another dry 
beaker. This second set of beakers shall be prepared in 
accordance with 6.5. 
N m  ?-Excessive tong pressure may result in premature failure or 

damqe IO specimen. 

6.10 Remove any loosely attached particulates by 
spra!ing distilled water from a wash bottle to the surface of 
specimen (10 to 20 mL distilled water). Let water drain into 
the beaker of origin. 

6.1 1 Conduct visual observation on the specimens’ phys- 
ical deterioration including: cracking, fracturing integrity, 
and surface roughness. 

6.12 Determine the specimens’ weight loss: the mass of 
the solid residue in beakers by evaporating water at 60 f 3°C 
in dning oven. 

6.13 Correct the average relative mass loss of samples 
using the average relative mass loss of control specimens. 

6.14 Repeat the procedures in 6.5 through 6.10 eleven 
additional times, for a total of 12 cycles. 

6.15 Terminate experiment of all specimens if the cor- 
rected cumulative mass loss of any of the specimens exceeds 
30 76 (failure), and note the number of cycles survived. 

7. Calculation 
7.1 Calculate the dry mass of specimens as follows: 

W 
:M, = 1 - - 

100 M s w g  

M,  = oven dry mass of specimen in g. 
M,,,. = initial mass of specimen in gt and 
\v = moisture content. 76. 
It is assumed that the moisture contents of specimens are 
identical. Oven dry masses of sample and control specimens 
are calculated on that basis. 

7.2 Calculate corrected mass loss of specimens after each 
cycle. Express mass loss in percent of initial calculated 
oven-dry mass. Calculate average cumulated? corrected mass 
loss of specimens after each cycle as follows: 

( 1 )  

where: 
Wi.sj = mass loss of sample J during cycle i, in g, 
Ti,sj = oven-dry mass of beaker and residue of sample j 

Bi.sj = oven-dry mass of beaker for sample J before cycle i, 

(2) 

W .  1,SJ . =  T. I.SJ . - B .  I.SJ . g  

after cycle i, in g, and 

in g. 

Wi.cj  = Ti,cj - Bi,cj g 

where: 
Wi,cJ = mass loss of control j during cycle i, in g, 
Ti,cj = oven-dry mass of beaker and residue of control j 

Bi,cj = oven dry mass of beaker for control J before cycle i, 
after cycle i, in g, and 

in g. 

where: 
Ri,,> = relative mass loss of sample J during cycle i, %, 
Wi,sj = mass loss of sample J during cycle i, in g, and 
Msj  = oven-dry mass of specimen J, in g. 

(3) 

where: 
Ri,cj = relative mass loss of; control during cycle i, %, 
Wi,cj = mass loss of control J during cycle i, in g, and 
Mcj = oven-dry mass of control j ,  in g. where: 
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TABLE 2 Sampiewoup 

Laboratory: 
Technician: 

I . .  

sample name: 
Sample Id No. 
Test Stan Date: 

TABLE 3 Relative Weight Loss 
Laboratory: 
Technician: 

Sample name: 
Sample Id No.: 
Test Start Date: 

Fi,,c I CI I SI 1 Observations 

112. I I I I I I 
I's ~ I I I I I I 

where: 
Cj = average corrected relative mass loss of samples 0 = 1 

= average relative mass loss of samples ( j  = 1 - 3) 

Rj,, = average relative mass loss of control ( j  = I - 3) 

3, = z c, 75 (81 

- 3) during cycle i, %, 

during cycle i, %, and 

during cycle i, %. 

1- I --I 

where: si = average cumulated, corrected relative mass loss of 

C, = average corrected relative mass loss of samples ( j  = 1 
samples after i cycles %, and 

- 3) during cycle i, %. 
s=  z C,% 

1-1-12 
(9) 

where: 
= average cumulated. corrected relative mass loss of 

ci = average corrected relative mass loss of samples (j = 1 - 
samples after 12 cycles. %, and 

3) during cycle i, %. 

8. ' Report 
8.1 Repon the following information: ( 5 )  

8.1.1 Moisture content of specimens. 
8.1.1 Average cumulative, corrected relative mass loss 

8.1.3 Number of cycles survived if the specimens did nor 

where: 
= avenge relative mass loss of samples (i = 1 - 3 after 12 cycles. (Si). 

sunive 12 cycles of testine. 

during cycle i. 5. and 
R:,SJ = relative mass loss of sample j during cycle i, %. 

8.1.4 Results of visual observation after each cycle 
(61 (physical deterioration). 

where: 9. Precision and Bias' 
B!,'. = si.znge reIati1.e mass loss of conrrol 0 = 1 - 3 )  

R:,L.J = rehtive mass loss of control j during cycle i. 5%. 

9.1 
9.1.1 The precision of this test method. in terms o i  during cycle i. 5. and 

s: = - R;,c co (7 
Supponing dsu 3rc mailable irom t\STM Headquarters. Rxcsst R.R. 11\11.;. 
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1d3rd deviation. \vas determined in an interlabonton S m p k  Code ~ e a n  OX) Sranoari Devia~ior. .S' 

LFP 0.09 0.0; 
CFP I .99 I .:o erimenr involving four laboratories. tivo types of speci- 

IS and respective controls. Duplicates of specimens and 
trols were measured in each laboraton. 
. I  .2 The precision of this test method can be expressed as 
o\vs: 

9.1.3 The precision of this test method may be dependent 

9.2 Bias: since there is no accepted reference 
on the level of the propenies measured. 

suitable determining the bias for the procedure in this test 
method. no statement on bias is being made. 

The American Sociefy tor Testing and Materials tams no position reswcting the validrty ot any parent rights assened in COnneCriOn 
with any item mentioned in this standard Users of this standard are exoressly advised that deferminatron ot the val/d/fy ot any such 
parent rjghts. and the risk ot infringement of such ngnrs. are entireIy tneir own responsibilify. 

This standard is subpct to revision at any (me  by the responsible technical cornminee and must be reviewed every five years and 
i t  not revised, either reapproved or wnhorawn Your comments are invirea either for revision of this standard or for additional standards 
and shouId be addressed to ASTM Headquarlers Your comments will receive careful consrderar/on at a meeting of the responsible 
technical cornmiflee which you may anend It you fee: that your comments have nor received a fair hearing you should make your 
views known to the ASTM Commmee on Sranaaras. 7976 Race S I ,  Philadelph/a, PA 79703 
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24;s; 
Standard Practice for 
Mechanical Mixing of Hydraulic Cement Pas tes  and Mortars 
of Plastic Consistency' 
This standard is issued under the thed designation C .;05: the numher immediarcl! follo\r.ing the designation inaicites the >:L: o i  
original adoption or. in the case ofrevision. [he ).ex oi lasi  retisiun. .A number in  p3rentheses indicates ihz year Or'Iast reapprmi:. .\ 
superscript epsilon 1 1 )  indicates an editorial chanec since the 1st revision or reapproval. 

1 .  Scope 
1.1 This practice covers the mechanical mixing of hy- 

draulic cement pastes and mortars of plastic consistency. 
1 .1 This srandard may inrolve hazardom materials. oper- 

ations. and equipment. This standard does not pirrport to 
address all of the safety problems associared \t*irli irs iise. It  is 
the responsibility of the user of this standard to esrablish 
appropriate safety and liealih pracrices and determine the 
applicability of regularon- limitations prior to use. 

2. Significance and Use 
1.1 This practice is intended for use in  the mechanical 

mixing of pastes and mortars for the testing of hydraulic 
cements. 

3. Apparatus 
3.1 .\lixer-The mixer shall be an electrically driven 

mechanical mixer of the epicyclic type. which imparts both a 
planetary and a revolving motion to the mixer paddle. The 
mixer shall have a minimum of two speeds, controlled by 
definite mechanical means. (Rheostat adjustment of speed 
will not be acceptable.) The first, or slow speed shall revolve 
the paddle at a rate of 140 f 5 r/min, with a planetary 
motion of approximately 62 r/min. The second speed shall 
revolve the paddle at a rate of 285 & IO r/min, with a 
p l a n e w  motion of approximately 125 r/min. The electric 
motor shall be at least 124 W ('/6 hp).' The mixer shall be 
equipped with the clearance adjustment bracket as shown in 
Fig. 1 or 2 (Note l ) ,  which shall be used to maintain the 
clearance between the lower end of the paddle and the 
bottom of the bowl not greater than 2.5 mm but not less than 
0.8 mm (the approximate diameter of a grain of 20-30 
Ottawa sand) when the bowl is in the mixing position. 

NOTE I-When the bracket is in the proper position beneath the 
motor housing, the lugs are to the front and facing upward and the heads 
ofthe adjustment screws are to the rear and facing downward in the path 
of the sliding frame that holds the bowl. It is intended that the bracket be 
fastened at the front housing connection by inserting replacement screws 
on an appropriate size upward through the opening in each lug and into 
the existing threaded holes in the bottom of the motor housing. The 
original stops for the sliding frame are to be filed down if they prevent 
the frame from coming in contact with the adjustment screws. 

I This practice is under the jurisdiction of ASTM Committee C-l on Cement 
and is the direct responsibility of Subcommittee COI .22 on Workability. 

Current edition approved March 26. 1982. Published July 1982. Onginally 
published as C 305 - 5 3  T. Last previous edition C 305 - 80. 

The hlodel N-50 Mixer (less the clearance adjustment bracket). manufactured 
by the Hoban Corp.. Troy, OH. is considered to conform to these requirements. 

3.2 Paddle-The paddle shall be readily removable. made 
of stainless steel. and shall conform to the hasic design shonm 
in Fig. 3.' The dimensions of the paddle snall be such that 
when in the mixing position the paddle outline conforms to 
the contour of the bowl used with the mixer. and the 
clearance between corresponding points on the edge of the 
paddle and the side of the bowl in  the position of closest 
approach shall be approximately 4.0 mm but not less than 
0.8 mm. 

3.3 Mising Bod-The removable mixing bowl shall have 
a nominal capacity of 4.73 L. shall be of the general shape 
and comply with the limiting dimensions shown in Fig. 4. 
and shall be made of stainless steel. The bowl shall be so 
equipped that it will be positively held in the mixing 
apparatus in a fixed position during the mixing procedure. 
There shall be provided a lid. made of a nonabsorbing 
material not attacked by the cement. 

3.4 Scraper-The scraper shall consist of a semirigid 
rubber blade attached to a handle about 150 mm long. The 
blade shall be about 75 mm long. 50 mm wide. and tapered 
to a thin edge about 2 mm thick. 

to these requirements. 

. 

NOTE ?--A kitchen tool known as a plate and bowl scraper conforms 

3.5 Sicpplementary Apparatus-The balances, weights, 
glass graduates, and any other supplementap apparatus used 
in measuring and preparing the mortar materials prior to 
mixing shall conform to the respective requirements for such 
apparatus as specified in the method for the particular test 
for which the mortar is being prepared. 

4. Temperature and Humidity 
4.1 The temperature of the room shall be maintained 

between 20 and 27.5"C (68 and 8 1 .5"F), and the temperature 
of the dry materials, paddle, and bowl shall be within the 
above range at the time of test. The temperature of the 
mixing water shall not vary from 23°C (73.4"F) by more than 
f 1.7"C (3°F). 

4.2 The relative humidity of the laboratory shall be not 
less than 50 %. 

5. Materials, Proportioning, and Consistency 
5.1 The materials and their proportions and quantities 

shall conform to the requirements contained in the panic- 

When ordering the paddle. users are reminded to specify a sminless steel 
paddle. 
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FIG. 3 Paddle 

lar method for which the paste or mortar is being prepared. 

. Procedure for hlising Pastes 

24 72 

2 8 m m R  
9, 

FIG. 4 Mixing Bowl 

1 

6.1 Place rhe dn. paddle and the dry bowl in the mixing 
Nosition in rhe miser. Then introduce the materials for a 
latch in10 rne bowl and mix in the following manner: 

6. I .  I P l x e  all the mixing water in the botvl. 
6.1.' .Add rhe cement IO the \vater and allow 30 s for the 

6.1.3 stan The miser and mix at slow speed (140 5 
r /min)  for 3o s. 

6. I .-I Stop rhe miser for I5 s and during this time scrap? 
down into the batch any paste that may have collected on 
sides of the bo,vl. 

I O  r/min) 6.1.5 Stan rhe miser a1 medium speed ( 2 3 5  .bsorption oi  the water. 
and mix for 1 min. c 287 
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. Procedure for Mixing Mortars 7 

? . I  Place the dry paddle and the dry b v l  in the mixing 
osition in the mixer. Then introduce the materials for a 
aich into the bowl and mis in the folloning manner: 

7.1.1 Place all the mixing water in the bowl. 
7.1.’ Add the cement to the water: tnen start the mixer 

nd mi\; at the slow speed (140 2 5 r/min) for 30 s. 
7.1.: Add the entire quantity of sand slowly over a 30-s 

leriod. nhile mixing at slow speed. 
7.1.; Stop the mixer, change to mehum speed (285 2 IO 

irnin). and mix for 30 s. 
7.1.: Stop the mixer and let the mortar stand for 1 I/: min. 

luring the first 15 s of this interval, quickly scrape down 

24 ’$1 
into the batch any mortar that may have collected on the 
side of the bowl: then for the remainder of this intenal. cover 
the bowl \vith the lid. 

7.1.6 Finish by mising for 1 min at medium speed c2SS 2 
I O  r /minl 

7.1.7 In any c3se requiring a remising intend.  any 
mortar adhering to the side of the bo\vl shall be quickly 
scraped down into the batch nith the scraper prior to 
remixing. 
NOTE 5-Caution-The clearances between the paddle and rhc bowl 

specified in this practice are suitable when using the standard mortar 
made with Ottawa sand. To permit the mixer to operate freely and to 
avoid serious damage to the paddle and bowl when coarser aggregates 
are used. it may be necessary to set the clearance adjustment bracket to 
provide greater clearances than those specified in 3.1. 

For additional useful information on details of cement test methods, reference may be made to the “hIanual of Cement 
resting.” which appears in the Annual Book of ASTM Standards, Vol 04.01. - 

The American Smiety tor Testing and Materials taxes no posrtion respecting the valrdrty of any patent rights assened in connection 
wrth any item mentroned rn this stanoard Users of rhrs standard are expressly advised that determination of the validrty of any such 
patent rights. and the risk of infringement of such ngms. are emirely their own responsibilrty 

This standard is subpct to revision at any time by the responsible technrcal commmee and must be reviewed every live years and 
if not revised. erther reapproved or WRndrawn Your comments are invited erther tor revision of this Standard or for additional stanoards 
and should be addressed to ASTM Headquaners Your comments will recerve careful consideration at a meeting of the responsible 
technical commrnee. which you may anend I f  you tee/ that your comments have not received a fair hearing you should make your 
views known to the ASTM Commmee on Standards. 1916 Race st.. Fhiladelphra, FA 19103 
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Designation: D 2216 - 90 24 71 
I -  

\ Standard Test Method for 
Laboratory Determination of Water (Moisture) Content of Soil, 
Rock, and Soil-Aggregate Mixtures’ 

This standard is issued under the fixed designation D 2216: the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon (t) indicates an editorial change since the last revision or reapproval. 

1. Scope 
1.1 This test method covers the laboratory determination 

of the water (moisture) content of soil, rock, and similar 
materials by mass. For simplicity, the word “material“ 
hereinafter also refers to either soil or rock, whchever is 
most applicable. 

1.2 The water content of a material is defined by this 
standard as the ratio, expressed as a percentage, of the mass 
of “pore” or “free” water in a given mass of material to the 
mass of the solid material. 
1.3 The term “solid particles” as used in geotechnical 

engineering is typically assumed to mean naturally occumng 
mineral particles of soil and rock that are not readily soluble 
in water. Therefore, the water content of materials con- 
taining extraneous matter (such as cement, and the like) may 
require special treatment or a qualified definition of water 
content. In addition, some organic materials may be decom- 
posed by oven drying at the standard drying temperature for 
this method ( 1  IOOC). Materials containing gypsum (calcium 
sulfate dihydrate or other compounds having significant 
amounts of hydrated water) may present a special problem as 
this material slowly dehydrates at the standard drying 
temperature (1 10°C) and at very low relative humidities. 
forming a compound (calcium sulfate hemihydrate) which is 
not normally present in natural materials except in some 
desen soils. In order to reduce the degree of dehydration of 
gypsum in those materials containing gypsum. or to reduce 
decomposition in highly organic soils. it may be desirable to 
dry these materials at 60°C or in a desiccator at room 
temperature. Thus. when a drying temperature is used which 
is different from the standard drying temperature as defined 
by this test method. the resulting water content may be 
different from standard water content determined at the 
standard drying temperature. 

XOTE I-Test \lethod D 2974 provides on alternate procedure for 
determining water content of peat materials. 

1.4 Materials containing water with substantial amounts 
of soluble solids (such as salt in the case of marine sediments) 
tvhen tested by this method will give a mass of solids which 
includes the pmiously soluble solids. These materials re- 
quire special treatment to remove or account for the 
presence of precipitated solids in the dry mass of the 

’ T?.:s method is c%kr the jurisdiction oi.ASTXI Committee D- I S o n  Soil and 
Rack 2nd is the i:xr responsibility 01‘ Subconimime DIS.0.; on TCLIUR. 
Plisiiit:! 2nd Denzip C‘hancrensrics o i  Soils. 

Ccrrrnt edition ~c;rn\.rd Nov. .:O. 1990. Published Jnnuan 1331. Originall! 
publishxi is D 2211. - P.; T. Lst previous cdition D 2216 - 80. 

._ 

specimen, or a qualified definition of water content must be 
used. 

1.5 This test method requires several hours for proper 
drying of the water content specimen. Test Method D 4643 
provides for drying of the test specimen in a microwave oven 
which is a shorter process. 
1.6 This standard requires the drying of material in an 

oven at high temperatures. If the material being dried is 
contaminated with certain chemicals, health and safety 
hazards can exist. Therefore, this standard should not be 
used in determining the water content of contaminated soils 
unless adequate health and safety precautions are taken. 

1.7 This standard does not purport to address all of the 
safety problems associated with its use. I t  is the responsibility 
of the user of this standard to establish appropriate safety and 
health practices and determine the applicability of regulatory 
limitations prior to use. 

I 

2. Referenced Documents 

2.1 ASTM Standards: 
D 653 Terminology Relating to Soil, Rock and Contained 

Fluids2 
D2974 Test Methods for Moisture, Ash. and Organic 

Matter of Peat and Other Organic Soils2 
D4210 Practice for Preserving and Transporting Soil 

Samples’ 
D 43 18 Test Method for Liquid Limit. Plastic Limit. and 

Plasticity Index of Soils’ 
D4643 Test Method for Determination of Water 

(Moisture) Content of Soil by the Microwave Oven 
Method’ 

D 4753 Specification for Evaluating, Selecting, and Speci- 
f>ing Balances and Scales for Use in Soil and Rock 
Testing’ 

E 145 Specification for Gravity-Convection and 
Forced-Venulation Ovens3 

3. Terminology 
3.1 Refer to Terminology D 653 for standard definitions 

of terms. 
3 2 Descriprioii ( i t ’  Term Specific to This Sr andard 
3.2. I wrer conrt”nr (of a materialbthe ratio of the mass 

of \vater contained in the pore spaces of soil or rock material. 
to the solid mass o i  panicles in  that material. expressed as a 
percentage. 289 



Summary of Method w 

4.1 .A test specimen is dried in an oven IO 3 constant mass. 
le loss 01' mass due to drying is considered IO be water. The 

content is calculated using the mass of water and the 
s~ of in: dry specimen. 

Significance and Use 
5.1 For many materials. the water content is one of the 

sieruficant index properties used in establishng a 
nelarion between soil behavior and its properties. 
j.2 The water content of a material is used in expressing 
e phase relationships of air, water, and solids in a given 
,lume of material. 
5.3 In f ine-pned  (cohesive) soils, the consistency of a 
yen soil type depends on its water content. The water 
Intent of a soil, along with its liquid and plastic limits as 
:termin& by Test Method D 43 18, is used to express its 
lative consistency or liquidity index. 

Apparatus 
6.1 Drying Oven, thermostatically-controlled, preferably 
the forceddraft type, meeting the requirements of Speci- 

ztion E 145 and capable of maintaining a uniform temper- 
.ure of 110 f 5'C throughout the drying chamber. 
6.2 Balances-All balances must meet the requirements 

F Specification D4753 and this Section. A Class GP1 
dance of 0.01g readability is required for specimens having 
mass of up to 200 g (excluding mass of specimen con- 
iner) and a Class GP2 balance of 0.lg readability is 
rquired for specimens having a m a s  over 200 g. 
6.3 Specimen Containers-Suitable containers made of 
laterial resistant to corrosion and change in mass upon 
:peat4 heating, cooling, exposure to materials of varying 
H, and cleaning. Containers with close-fitting lids shall be 
sed for testing specimens having a mass of less than about 
00 g; while for specimens having a mass greater than about 
00 g, containers without lids may be used. One container is 
eeded for each water content determination. 

NOTE ?-The purpose of close-fitting lids is to prevent loss of 
ioisture from specimens before initial m a s  determination and to 
revent absorption of moisture from the atmosphere following drying 
nd before final mass determination. 

6.4 Desiccator-A desiccator cabinet or large desiccator 
tr of suitable size containing silica gel or anhydrous calcium 
hosphate. It is preferable to use a desiccant which changes 
olor to indicate it needs reconstitution. See Section 10.5. 

NOTE 3-Anhydrous calcium sulfate is sold under the trade name 
hierite. 

6.5 Container Handling Apparatus, gloves, tongs, or suit- 
ble holder for moving and handling hot containers after 
.rying. 
6.6 Miscellaneous, knives, spatulas, scoops, quartering 

loth, sample splitters, etc, as required. 

'. Samples 
7.1 Samples shall be preserved and transported in accord- 

ince with Practice 4220 Groups B, C, or D soils. Keep the 
amples that are stored prior to testing in noncorrodible 
iirtight containers at a temperature between approximately 3 
Ind 30°C and in an area that prevents direct contact with 
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sunlight. Disturbed samples in jars or other containers shalfL 
be stored in such a way as to prevent or minimize moisture 
condensation on the insides of the containers. 

7.2 The water content determination should be done as 
soon as pncticable after sampling. especially if potentially 
corrodible containers (such as thin-walled sred tubes. p i n t  
cans, etc.) or plastic sample bags are used. 

8. Test Specimen 
8.1 For water contents being determined in conjunction 

with another ASTM method. the specimen mass require- 
ment stated in that method shall be used if one is provided. If 
no minimum specimen mass is provided in that method 
then the values given before shall apply. 

8.2 The minimum mass of moist material selected to be 
representative of the total sample. if the total sample is not 
tested by this method. shall be in accordance with the 
following: 

Recommended Recommended 
minimum mass of minimum man of 

m o d  test spec- moist m spec- 
Maximum particle imen for water imen for waur 

size (100 5 Standard Sieve content reponed content reponed 
passing) Sue  to 20.1 z 1021 5; 

No. 10 20 g 20 g' 2 rnm or lcss 
4.75 mm No. 4 100 g 20 g* 

19.0 mm %-in. 2.5 kg 250 g 
37.5 mm I I/: in. IO kg I kg 
75.0 mm 3-in. 50 kg 5 ks 

9.5 mm %-in. 5 0 0  g 50 g 

NOTE-*TO be representative not less than 20 g shall be used. 

8.2.1 If the total sample is used it does not have to meet 
the minimum mass requirements provided in the table 
above. The report shall indicate that the entire sample was 
used. 

8.3 Using a test specimen smaller than the minimum 
indicated in 8.2 requires discretion, though it may be 
adequate for the purposes of the test. Any specimen used not 
meeting these requirements shall be noted in the report of 
results. 

8.4 When working with a small (less than 200g) specimen 
containing a relatively large gravel particle, it is appropriate 
not to include this particle in the test specimen. However, 
any discarded material shall be described and noted in the 
report of the results. 

9. Test Specimen Selection 
9.1 When the test specimen is a portion of a larger 

amount of material, the specimen must be selected to be 
representative of the water condition of the entire amount of 
material. The manner in which the test specimen is selected 
depends on the purpose and application of the test, type of 
material being tested, the water condition, and the type of 
sample (,from another test, bag, block, and the likes.) 

9.2 For disturbed samples such as trimmings, bag sam- 
ples, and the like, obtain the test specimen by one of the 
following methods (listed in order of preference): 

9.2.1 If the material is such that it can be manipulated 
and handled without significant moisture loss, the material 
should be mixed and then reduced to the required size by 
quartering or splitting. 

9.2.2 If the material is such that it cannot be thoroughly 
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mixed and/or split, form a stockpile of the material. mixing 
as much as possible. Take at least five portions of material at 
random locations using a sampling tube, shovel, scoop, 
trowel, or similar device appropriate to the maximum 
particle size present in the material. Combine all the portions 
for the test specimen. 

9.2.3 If the material or conditions are such that a stockpile 
cannot be formed, take as many portions of the material as 
possible at random locations that will best represent the 
moisture condition. Combine all the portions for the test 
specimen. 

9.3 Intact samples such as block, tube, split barrel, and the 
like, obtain the test specimen by one of the following 
methods depending on the purpose and potential use of the 
sample. 

9.3.1 Carefully trim at  least 3 mm of material from the 
outer surface of the sample to see if material is layered and to 
remove material that is drier or w,etter than the main portion 
of the sample. Then carefully tnm at least 5 mm, or a 
thickness equal to the maximum particle size present, from 
the entire exposed surface or from the interval being tested. 

9.3.2 Slice the sample in half. If material is layered see 
Section 9.3.3. Then carefully trim at least 5 mm, or a 
thickness equal to the maximum particle size present, from 
the exposed surface of one half. or from the interval being 
tested. Avoid any material on the edges that may be wetter or 
drier than the main portion of the sample. 

NOTE 4-Migration of moisture in some cohesionless soils may 
require that the full section be sampled. 

9.3.3 If a layered material (or more than one material type 
is encountered). select an average specimen. or individual 
specimens. or both. Specimens must be properly identified as 
to location. or what they represent. and appropriate remarks 
entered on data sheets. 

10. Procedure 
10.1 Determine and record the mass of the clean and dr). 

specimen container (and its lid. if used). 
10.2 Select representative test specimens in accordance 

with Section 9. 
10.3 Place the moist test specimen in the container and, if 

used. set the lid securely in position. Determine the mass of 
the container and moist material using a balance (See 6.2)  
selecrea on the basis of the specimen mass. Record this 
value. 

SOTE 5-To prevent mixing of specimens and yielding of incorrect 
results. d l  containers. and lids if used. should be numbercd and the 
container numbers shall be recorded on the laboratop data sheets. The 
lid numbers should match the container numbers to eliminate confu- 
sion. 

SOTE 6-To askt in the ovendrying of large test specimens. they 
shouici te placed in containers having a large surhce area (such as pansr 
and rhe rnxsnal broken up into smaller aggregations. 

10.4 Remove the lid (if  usedl and place the container with 
moist materid in the dping oven. Dry the material to a 
constant mass. .\laintain the dning oven at I IO 2 5°C unless 
othenvise specified (see 1.3). The time required 10 obtain 
constant mass tsiil \'ar?/ depending on tlic t!'pe of material. 
size 01' specimen. o\.en type and capacity. and other factors. 
The induence of rhese factors generally can be established by 
good .iudgmtrnr. and experience with the miterids being 
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tested and the apparatus being used. . .. 
NOTE 7-In most cases, drying a test specimen overnight (about 12 

to 16 h) is sufficient. In cases where there is doubt concerning the 
adequacy of drying, drying should be continued until the change in m w  
after two successive periods (greater than I h) of drying is an insignifi: 
cant amount (less than about 0.1 76). Specimens of sand may often be 
dried to constant mass in a period of about 4 h, when a forceddraft oven 
is used. 

NOTE 8-Since some dry materials may absorb moisture from moist 
specimens. dried specimens should be removed before placing moist 
specimens in the same oven. However. this would not be applicable if 
the previously dried specimens will remain in the drying oven for an 
additional time period of about 16 h. 

10.5 After the material has dried to constant mass remove 
the container from the oven (and replace the lid if used). 
Allow the material and container to cool to room tempera-' 
ture or until the container can be handled comfortably with 
bare hands and the operation of the balance will not be 
affected by convection currents and/or its being heated. 
Determine the m a s  of the container and oven-dried material 
using the same balance as used in 10.3. Record this value. 
Tight fitting lids shall be used if it appears that the specimen 
is absorbing moisture from the air prior to determination of 
its dry mass. 

NOTE 9-Cooling in a desiccator is acceptable in place of tight fitting 
lids since it greatly reduces absorption of moisture from the atmosphere 
during cooling especially for containers without tight fitting lids. 

11. Calculation 

lows: 
11.1 Calculate the water content of the material as fol- 

lW,v 

lbfs 
H' = [(Mr,v.7 - .\fCJ(MC3 - MJ] x 100 = - x 100 

where: 
I V  = water content. 7%. 

.\Irs 
-\Ir 
.\Il,. 
.\I, 

12. Report 
12. I The repon (data sheet) shall include the following: 
12.1.1 Identification of the sample (material) being tested. 

such as boring number, sample number. test number. 
container number etc. 

12.1.2 Water content of the specimen to the nearest 1 % 
or 0.1 51. as appropriate based on the minimum sample 
used. If this method is used in concert with another method. 
the water content of the specimen should be reported to the 
value required by the test method for which the water 
content is being derermined. 

12.1.3 Indicate if  test specimen had a mass less than the 
minimum indicated in 3.2. 

12. I .4 Indicate if rest specimen contained more than one 
material t!pc (layered. etc.). 

12.1.5 Indicate the method o f  dping if  different from 
oven-dning at 1 I O  2 5'C. 

12.1.6 I@icate ii an!: material (size and amount) was 
escluded from the test specimen. 

= mass of container and wet specimen. g, 
= mass of container and oven dry specimen. g, 
= mass of container. g. 
= mass of water (MI,. = .\lc,,.s - Mcds), g, and 
= mass of solid particles (AI,  = :Wc.ds - MJ. g. 
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APPENDIX D 

SILOS 1,2, AND 3 - RADIOLOGICAL AND CHEMICAL CONSTITUENTS 
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TABLE D-1 

CHARACTERISTICS OF THE K-65 RESIDUES STORED AT THE FEMP 

Silos 1 and 2 

Characteristics 

Silo 3 

Physical 

Vitro 
(1952) 

Dry weight (kg) 
Volume (m3) 
Density (kg/m3) 
Water content (%) 

Litz' Gill DOE 
NLo' I (1988) (1974) (1980) 

~~~ ~ 

Radiological 

Radium 
Uranium 
Total thorium 

(PPm) 

0.3 
2,110 

-- 

20 

25 

60 

Chemical 

Carbonates + 
Sulfates (%) 

Quartz (%) 

Muscovite clay (%) 

(PPm) (PPm) (PPm) (kg) 

0.28-0.36 0.2 0.13-0.21 0.015b 
1,800-3,200 600 1,4OO-1,800 18,000 

-- -- 301-322 -- 

1.59 x lo6 
3,155 
1,179 
30 

8.79 x lo6 
5,522 

-- 
-- 

'As reported by Dettore et al., 1981. 
bAssumes all radium in K-65 residues is Ra-226 with specific activity of 0.988 CVg. 

K3 Note: Data validation is currently in progress. 
Q.3 
r e  
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TABLE D-2 

RADIONUCLIDE CONCENTRATIONS I N  THE SILOS 
(1989 Sampling Program) 

SILO 1 

Nuclide (DCik) SlNElA SlNElB SlNElC SlSEl SlSE2 SlSWl SlNWl 

Th-228 
Th-230 
Th-232 
Ra-226 
Ra-228 
Pb-2 10 
u-234 
U-235/236 
U-238 
U-Total (ppm) 

ND 
21,412 
ND 
108,100 
ND 
18 1.100 
815 
ND 
920 
2753 

ND 
39,693 
ND 
192,600 
ND 
83,110 
326 
ND 
398 
1189 

ND 
30,75 1 
ND 
166,400 
ND 
77,460 
622 
ND 
610 
1831 

ND 
10,569 
ND 
1 16,800 
ND 
7 1,920 
663 
ND 
545 
1633 

ND 
20,848 
ND 
89,280 
ND 
48,980 
814 
56 
758 
2280 

ND 
40,818 
ND 
1 8 1,200 
ND 
69,480 
594 
ND 
532 
1602 

ND 
43,771 
766 
163300 
ND 
54,350 
897 
50 
687 
2066 

SILO 2 

Nuclide (pCi/g) S2SWl S2NW1 s2NE2 s2sw2 52n-e 1 52nw 

Th-228 
Th-230 
Th-232 
Ra-226 
Ra-228 
Pb-2 10 
u-234 
U-235/236 
U-238 
U-Total (ppm) 

ND 
3 1,825 
ND 
145,300 
ND 
141,900 
859 
ND 
66 1 
1972 

ND 
32,784 
ND 
6 1,780 
ND 
145,200 
1107 
74 
1069 
3210 

ND 
8365 
ND 
657 
ND 
87,930 
974 
47 
874 
2620 

41 1 
29,7 16 
85 1 
104,900 
ND 
77,940 
121 
ND 
46 
137 

ND 
40,124 
ND 
65,520 
ND 
150,700 
84 8 
36 
814 
2437 

638 
25,391 
ND 
68,310 
ND 
X Z D  
1404 
70 
1240 
3717 

N D  = Not Detected 
Note: Data validation is currently in progress. 



TABLE D-3 

RADIONUCLIDE CONCENTRATIONS IN THE SILOS 
(1989 Sampling Program) 

SILO 3 

Nuclide @Ci/g) # 21 # 22 # 23 ## 24 # 25 # 26 

AC-227 523 416 234 1363 534 706 
Pa-23 1 52 1 40 1 266 NA 556 8 89 
Th-22 8 907 ND 554 ND 459 859 
Th-230 41,911 33,881 21,010 71,650 40,968 4 1,555 
Th-232 145 1 ND 815 91 1 41 1 ND 
Ra-224 453 45 1 64 213 295 335 
Ra-226 2589 2192 467 6435 3073 1862 
Ra-228 525 559 82 ND 392 441 
Pb-2 10 2437 222 1 454 6427 2493 1910 
u-234 1935 1618 348 1524 1467 1910 
U-235/236 152 117 ND 127 54 76 
U-238 2043 1649 320 1600 1392 1860 
U-Total (ppm) 4040 4305 738 2595 3064 4554 

SILO 3 

Nuclide (pCi/g) # 27 # 28 # 29 # 30 # 33 

AC-227 
Pa-23 1 
Th-228 
Th-230 
Th-232 
Ra-224 
Ra-226 
Ra-228 
Pb-2 10 
u-234 
U-235/236 
U-238 
U-Total 

42 1 
458 
ND 
53,227 
ND 
370 
1518 
325 
1084 
1317 
80 
1243 
2740 

412 
NA 
996 
63,649 
755 
106 
3702 
ND 
2589 
1052 
42 
994 
1463 

443 
564 
537 
61,190 
672 
137 
4169 
117 
3553 
1843 
158 
1951 
1114 

773 
93 1 
ND 
68.759 
58 1 
449 
2240 
360 
1942 
1643 
75 
1574 
4050 

566 
43 1 
949 
65,488 
672 
313 
445 1 
415 
3674 
1600 
118 
1878 
3854 

NA = Not Analyzed 
ND = Not Detected 

Note: Data validation is currently in progress. 
\ 

FEwoU4-6/wp361 .D3/12-30B 1 296 



TABLE D-4 

ORGANICS CONCENTRATIONS IN THE SILOS 

I 

CONTAMINANT Silo 1 Silo 2 Silo 3 

VOLATILE ORGANICS ANALYSIS DATA (ppb) 

Methylene Chloride 
Acetone 
Chloroform 
2-Butanone 
4-Methyl-2-Pentanone 
Toluene 
Trichloroethane 
Chloromethane 
Styrene 
Total Xylenes 

840 - 4100 
140 - 5300 
480 - 1500 
7100- 21000 
ND - 1400 
ND - 430 
ND 
ND 

ND 
ND - 350 

SEMIVOLATILE ORGANICS ANALYSIS DATA (ppb) 

1100 - 6300 
ND - 1600 
660 - 1300 
7800- 15000 
ND - 2700 
ND - 250 
ND - 120 
ND 
ND - 200 
ND - 200 

Bis(2-Ethylhexy1)Phthalate 93 - 6000 ND - 560 
Di-n-Octyl Phthalate ND - 820 ND 

PESTICIDE ORGANICS ANALYSIS DATA (ppb) 

Aroclor- 1248 
Aroclor- 1254 

ND - 8000 ND 
1100 - 14,000 420 - 6000 

ND = Not Detected 
Note: Data validation is currently in progress. 

1000 - 2800 
3400 - 12000 
560 - 810 
9700 - 16000 
ND 

ND 

ND 
ND 

180 - 6800 

ND - 140 

ND - 40 
ND 

ND 
ND 

FER/OU4-6/WP361.D4/12-309 1 



2471. TABLE D-5 

INORGANICS CONCENTRATIONS IN THE SILOS 
1989 Sampling Program) 

Contaminant 
@Pm> silo 1 Silo 2 Silo 3 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 

Cyanide 

60.4 - 1430 

ND 

14.7 - 68.4 

1970 - 7860 

0.88 - 2.8 

2.1 - 8.0 

2150 - 5700 

21.0 - 165 

349 - 1260 

122 - 473 

4340- 75100 

35800 - 85100 

1500 - 6020 

33.5 - 257 

0.23 - 2.8 

629 - 2580 

158 - 492 

106 - 180 

5.0 - 23.3 

360 - 13100 

ND - 0.52 

72.2 - 240 

14.4 - 212 

0.52 - 4.4 

Note: Data validation is currently in progress 

~ ~ ~ 0 ~ - 6 m i . n s n 2 - 3 0 - 9 i  

464 - 2570 

ND - 7.2 

57.5 - 1960 

89.2 - 8370 

0.66 - 6.0 

3.4 - 19.1 

2430- 301000 

12.9 - 68.8 

6.2 - 2430 

ND - 1790 

4010 - 37800 

153 - 29800 

1520 - 8740 

74.2 - 403 

ND - 2.3 

14.6 - 2200 

37.8 - 289 

N D -  118 

ND - 22.8 

226 - 4070 

ND - 1.4 

21.9 - 214 

11.2 - 154 

ND - 4.5 

10800 - 23700 

ND 
532 - 6380 

118 - 332 

10.0 - 39.9 

21.5 - 204 

21300 - 39900 

139 - 560 

ND - 3520 

1610 - 7060 

13900 - 67600 

646 - 4430 

38200- 80900 

2420 - 6500 

ND - 0.69 

1200 - 6170 

1300 - 22800 

101 - 349 

9.2 - 23.8 

22900 - 5 1700 

3.1 - 73.9 

418 - 4550 

301 - 672 

ND 
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TABLE D-6 

EP TOXIC METALS RANGE OF VALUES FOR K-65 AND METAL OXIDE SILOS 
(1989 Sampling Program) 

Analyte 

Maximum 
Allowable 

Silo 1 Silo 2 Silo 3 Concentration 

Arsenic (ppm) 

Barium (pprn) 

Cadmium (ppm) 

Chromium (ppm) 

Lead @Pm) 

Selenium (pprn) 

Silver (ppm) 

Mercury (ppm) 

ND - 0.484 

0.079 - 14.5 

ND - 0.100 

0.020 - 0.964 

0.159 - 904 

0.217 - 0.997 

ND - 0.121 

ND 

0.163 - 0.592 

0.095 - 2.62 

0.017 - 0.278 

ND - 1.02 

0.155 - 714 

0.240 - ,IS6 

ND - 0.213 

ND 

ND - 41.5 

0.020 - 0.156 

0.108 - 6.32 

0.336 - 11.9 

ND - 1.01 

0.92 - 11.7 

ND - 0.032 

ND - 0.003 

5.0 

100 

1 .o 

5.0 

5.0 

1 .o 

5.0 

0.2 

ND = Not Detected 
Note: Data validation is currently in progress. 
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TABLE D-7 

GEOTECHNICAL ANALYTICAL RESULTS 
(1989 Sampling Plan) 

200 Sieve Water 
Sample Content Specific Liquid Plastic Plasticity (Percent 

ID Color (%I Gravity Limit Limit Index Finer) 

S 1 -NE-1 A 

s1 -NE-IC 

S 1 -SE-2T 

S1 -Compos. 

S2-NW-1A 

S2-NE-2BT 

S2-S W- 1 A 

S2-Compo 

S3-NW-1 A 

S3-NW-1 C 

S3-SE- 1 A 

S3-SE- 1 C 

S3-Compo 

Dark Brown 

Light Brown 

Sandy Brown 

NA 

Brown 

White 

Black 

NA 

Reddish Brown 

Brown 

Reddish Brown . 

Dark Brown 

NA 

50.7 

71.5 

31.9 / 

22.8 

25.9 

21.8 

73.5 

34.2 

7.4 

3.7 

10.2 

6.3 

3.8 

3.19 

2.74 

3.37 

2.58 

2.87 

2.59 

3.1 1 

2.78 

2.35 

2.08 

2.58 

2.29 

2.75 

55.2 

70.3 

NP 

NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 

NP 

NA = Not Applicable 
NP = Non Plastic 
Note: Data validation is in progress 
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50.0 

66.6 

NP 

NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 

NP 

5.2 

3.7 

NP 

NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 

NP 

72.7 

71.5 

43.9 

54.5 

39.8 

51.9 

63.3 

38.1 

93.2 

93.9 

90.0 

92.9 

87.8 
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E.l.O JUSTIFICATION FOR USING A MINIMUM UCS VALUE OF 500 psi 1 

Portland cement mortars, which comprise mixtures of cement, lime, silica, sand, and water, are readily 
capable of achieving compressive strengths of 5000 to 6000 pounds per square inch (psi); that is 
approximately two orders of magnitude greater than the minimum compressive strength required to 
resist deformation under load in current low-level waste burial trenches. Therefore, to provide greater 
assurance that there will be sufficient cementitious material present in the waste form to not only 
withstand the burial loads, but also to maintain general "dimensions and form" (i.e., to not disintegrate) 
over time, it is recommended that cement-stabilized waste forms possess compressive strengths that are 
representative of the values that are reasonably achievable with current cement solidification processes. 
Taking into consideration the fact that low-level radioactive waste material constituents are not in most 
cases capable of providing the physical and chemical functions of silica sand in a cement mortar, a 
mean compressive strength equal to or greater than 500 psi is recommended for waste form specimens 
cured for a minimum of 28 days. This value of compressive strength is recommended as a practical 
strength value that is representative of the quality of cementitious material that should be used in the 
waste form to provide assurance that it will maintain integrity and thus possess the long-term struchml 
capability required by Part 61. 
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E.2.0 JUSTIFICATION FOR USING A PORTLAND CEMENTFLY ASH MIXTURE 1 

E.2.1 INTRODUCIION 
This appendix provides additional justification for choosing stabilization/solidification using a portland 
cemenvfly ash mixture as the treatment process option to treat the pits. The wastes would be 
solidified using the fly ash from the Active Fly Ash Pile, although solidification using fly ash from the 
Inactive Fly Ash Disposal Area will be examined on a limited basis. 

The additional justification will be provided by discussing results from a literature search of solidifica- 
tion technology. The literature search provides information that indicates solidification of the wastes 
will provide a waste form that could pass Toxicity Characteristics Leaching Procedure (TCLP) tests 
and allows mixed wastes to be disposed of as nonhazardous or low-level wastes. Also discussed in 
this appendix will be the reasoning for using the cement to fly ash ratios and water to cement ratios 
indicated in this study. 

E.2.2 TYPES OF SOLIDIFICATION 
Various solidification processes exist that could be used to solidify waste. Systems that could be used 
for solidification are the portland cement-based process, the portland cement/soluble silicate process, 
the lime/fly ash-based systems, the kiln dust and fly ash-based process, and the portland cemenvfly ash 
process. 

E.2.2.1 Portland Cement-Based Process 
With the portland cement process, water from the waste reacts chemically with the cement to form a 
hardened concrete-like material. Depending upon the amount of cement added, the final product may 
be a monolithic solid or may have a crumbly soil-like consistency (EPA 1985). The optimum 
combination of waste, water, and portland cement will vary with waste type and composition. The 
minimum water to cement ratio is about 0.40, by weight, for portland cement, but this also depends 
upon the moisture content of the waste. The addition of too much water may result in freestanding 
water on the surface of the solidified product, as well as a reduction in its strength and an increase in 
the permeability of the final product (Comer 1990). 

The bulk density of cement-based waste forms varies between 1.25 and 1.75 g/cm3, with water 
contents ranging from about 15 to 60 pcrcent. The unconfined compressive strength (UCS) varies 
also, depending upon the mix ratio. 
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Most products range from 15 to loo0 psi but can be strengthened by other additives. Permeability is 
influenced by solidification of the waste. The permeability of cement-based waste forms is similar to 
that of clay (Comer 1990). 

1 

2 

3 

The chemical properties of cement-based forms are described in terms of leachability. The interaction 
of organic and inorganic substances in cement affects the setting and hardening of the cement matrix. 

solidification can immobilize metals; but if the waste form is subjected to even a mild acidic solution, 
leaching could take place (EPA 1985). Because of these limitations, portland cement is normally used 
as a setting agent in combination with other solidification processes. 

4 

5 

6 

I 

8 

9 

Salts of manganese, tin, zinc, copper, and lead tend to reduce the strength of the waste form. Cement 

The cost of the portland cement-based process is low and the equipment for the process is readily 10 

available. 1 1  

E.2.2.2 Portland CementISoluble Silicate Processes 
The Portland Cement Soluble Silicate (PCSS) process is based on the reactions between soluble 
silicates and portland cement to produce a solid matrix. This process depends on three different 
reactions, the first being a rapid reaction between the soluble silicate (such as sodium silicate) and 
metal ions to produce a low-solubility metal silicate. The second set of reactions occurs between the 
soluble silicate and portland cement. The third set of reactions occurs among the cement, waste, and 
water. The soluble silicate functions as a surfactant (keeping retarders such as oil or particulates in 
suspension), which helps in the setting and hardening of the waste. 

- 
12 

13 

14 

IS 

16 

17 

18 

19 

By adding soluble silicate to the portland cement, low-solid waste can be solidified without the 
addition of massive amounts of bulking agents. This is a cost-effective approach, but the water 
content of the waste form is high, which increases the porosity of the solid. Higher water content also 

stronger products can be prepared (with the addition of cement). The advantages of this process 
include relatively low cost and small volume increase; however, the UCS is lower than the 500 psi 
proposed by the Nuclear Regulatory Commission (NRC 1991). 
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causes reduced strength and higher permeability. The UCS ranges between 15 and 100 psi, but 

E.2.2.3 Lime, Fly Ash-Based Process 27 

Combining lime and fly ash with water forms a cementitious material. Initially a noncrystalline gel, 
which eventually becomes a calcium silicate hydrate, is formed. The reactions that occur are similar 
to cement-based systems. The reactions are slower however and do not produce the same products as 
the cement-based system in terms of physical and chemical properties. A problem with the lime/fly 
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32 ash process is that fly ash is a by-product of coal-burning power plants and its composition depends 
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upon the type of coal burned and how the plant was operated. Unburned organics in the fly ash can 
reduce the cementing action by covering reactive surfaces. Also, the lime-based process is not as 
effective in reducing leachability as the cement-based systems, due in part to its high pH. Much of the 
lime/fly ash treatment used has been in nonhazardous waste applications. 

E.2.2.4 Portland Cement/Flv Ash Process 
Portland cement and fly ash have been used in applications for many years. When fly ash is used 
with cement in an application, the percentage of cement required is reduced significantly. Because fly 
ash itself is a waste, it is desirable to use it as a component in solidification systems. 

Fly ash in portland cement acts as a bulking agent and as a pozzolan. The reaction between the two 
materials produces a product that may have higher strength than when portland cement is used alone. 
The fly ash also helps to bind additional water and decrease pH, as well as acting as an adsorbent for 
metal ions. The greatest disadvantage of this process is the volume increase associated with large 
additions of fly ash. The range of the fly ash to cement ratio (by weight) is two to four, with total 
weight increases of 50 to 150 percent. Where increase in volume is not important, the cemenvfly ash 
process is the optimum choice (Conner 1990). 

In a pure water-cement system, the permeability is essentially zero at a water to cement ratio of 0.32. 
The water to cement ratio can be increased when a bulking agent such as fly ash is added to the 
process. 

Several vendors use the cemenvfly ash process and many studies have been performed. One such 
program was performed on waste at the Idaho National Engineering Laboratory (INEL). 

E.2.2.5 Kiln Dust and Fly Ash based Process 
Kiln dust and fly ash have been used in several solidification projects. They function primarily as 
adsorbents or bulking agents. The kiln dusts are highly alkaline, which gives them the ability to 
remove free water by hydration of calcium oxide to calcium hydroxide. This process can produce 
hard, strong solids that continue to harden with time. The actual setting reactions of the kiln dust and 
fly ash are pozzolanic and resemble those of portland cement. A limitation of the use of these 
materials is that they contain significant amounts of metals, which leach at levels above regulatory 
standards. These materials are available, and their costs are low compared to portland cement. The 
cost of these materials however has been increasing; if the vend continues, they could be replaced by 
more expensive but more efficient reagents (Conner 1990). 
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E.2.2.6 Polyethvlene Process 
Bmkhaven National Laboratory (BNL) has also developed a process for the solidification of salt 
wastes, incinerator ash, and ion-exchange resins in polyethylene. Although the most common 
solidification agents used in solidification of low-level radioactive waste (LLW) are portland cement, 
bitumen, and thermo settling polymers, operational difficulties such as incompatibility with waste 
constituents, low loading efficiency, premature setting, or formulation of solidified products with poor 
performance properties have been observed with these materials (Franz 1987). 

The choice of polyethylene as an improved solidification agent was based on such considerations as 
compatibility with waste, solidification efficiency, material properties, availability of materials, 
economic feasibility, and ease of processibility. Because the solidification process is not dcpendent 
upon complex chemical reactions as it is in the case of hydraulic cements and thermosetting polymers, 
the processing is simplified and solidification of the waste is ensured. 

Polyethylene is a thermoplastic organic polymer of crystalline-amorphous structure formed through the 
polymerization of ethylene gas. At elevated temperatures thermoplastic polymers change from a hard 
material to a rubbery flowable liquid. On cooling, the polymers revert to their original form. 

Polyethylene is resistent to most acids, bases, and organics normally encountered in waste streams. 
The superior mechanical properties of polyethylene (i.e., compressive strength) allow higher waste 
loading than normally can be incorporated into other materials such as cement or bitumen, without 
compromising the integrity of the waste form. 

Some of the more important factors that affect the properties of polyethylene are density, molecular 
weight, molecular weight distribution, melt index, and cross linking. Low-density polyethylene (0.910 
to 0.925 g/cm3. The process parameters investigated included temperature. pressure, mixing kinetics, 
and volumetric efficiency. In general, polyethylenes with a density of 0.924 g/cm3 and melt indices of 
35.0 to 55.0 g/10 minutes were able to incorporate greater quantities of waste. In the case of the 
incinerator ash, the maximum amount of waste was 40 weight percent (dry) that represents the 
maximum amount of waste that can be incorporated to form a monolithic solid. For the determination 
of the release of radionuclides through leach tests, radioactive tracers were added to the incinerator 
ash. The radioisotopes used were cobalt-60, strontium-85, and cesium-137 because these are the 
radionuclides of greatest concern in low-level wastes. Results of this study indicated a clear 
dependence of leachability upon increased waste loadings for all three isotopes for the incinerator ash 
samples. With increased waste loading, the average leaching of the radioisotopes decreased. Results 
of the polyethylene studies indicate that polyethylene is a viable solidification agent for various types 
of low-level waste (Franz 1987). 306 
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Free water 

Miscibility in oil ' 

2478 

visible not visible 16 

no Yes 17 

E.2.2.7 Magnesium-based Cement 
The magnesium-based cement technology discussed here is one developed by Envirotite Incorporated 
(ETI). ET1 literature states that approximately 65 percent of the stabilization products marketed use 
portland cement or a mixture of portland cement and catalysts. ETI identified only three corporations 
that used magnesium-based cements for stabilization. Magnesium-based cements have been 
formulated and perfected to possess physical properties similar to ceramics. The ET1 literature also 
states that due to the improved qualities of magnesium cement, it can meet more disposal needs than 
other stabilization products and offer some unique properties significantly different than those provided 
through the use of portland cement (ET1 1991). 

ET1 provides the following table to show the comparison of portland cement versus magnesium 
cement: 

10 

1 1  

ll l2 
Standards for Comparison I Portland Cement I Magnesium Cement 

Compressive strength I hard ll l 3  
I very hard 

Finished surface smooth I glass-like ll l4 

ll Acid resistance I mild reaction I no reaction 

The magnesium-based cement offered by ET1 are CERAMAG-S1 and CERAMAG-L1. 

CERAMAG-S 1 
CERAMAG-SI is a magnesium-based concrete specifically formulated to stabilize hazardous wastes 
present in solid matrices such as clay, dirt, sand, gravel, ash, and sludge. CERAMAG-S1 reduces 
TCLP values less than regulatory limits for a wide variety of inorganic and organic wastes. Stabilized 
products meet applicable land disposal restriction (LDR) treatment standards. 

CERAMAG-L1 
CERAMAG-L1 is also a magnesium-based concrete specifically formulated to stabilize hazardous 
waste present in liquid matrices including acids, caustic, solutions of inorganic wastes, solutions of 
organic wastes, and petroleum products. CERAMAG-Ll reduces TCLP values less than regulatory 
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limits for a wide variety of inorganic and organic wastes. Stabilized products meet applicable LDR 1 

treatment standards. 2 

The performance data by ETI for the magnesium-based concrete indicate that there would be no free- 
standing water in the stabilized product that the UCS would be far greater than the 500 psi UCS 
quoted by the Nuclear Regulatory Commission technical position paper (NRC 1991). Specific data 

by ET1 indicate that TCLP values for organic and inorganics are below regulatory limits. 

3 

4 

5 

6 

7 

from a particular site was not provided but the chemical characteristics of the stabilized waste provided 

E.2.2.8 Modified Sulfur Cement EncaDsulation 
Modified sulfur cement is a thermoplastic material that can be easily melted, combined with waste 
components in a homogeneous mixture, and cooled to form a solid monolithic waste form. Compared 
with portland cements, sulfur cement has several advantages. For example, no chemical reactions are 
required for solidification, eliminating the possibility that elements in the waste can interfere with 
setting and thereby limit the range of waste materials that can be encapsulated successIUy. Sulfur 
concrete compressive and tensile strengths twice those of comparable portland concretes have been 
achieved, and full strength is attained in several hours rather than weeks. Sulfur concretes are resistant 
to attack by most acids and salts, e.g., sulfates that can severely degrade hydraulic cement have little 
or no effect on the integrity of sulfur cement (Kalb 1991). 
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13 

- 

As a result of defense and research activities the U.S. Department of Defense (DOD) generates a broad 

effort to develop new methods of stabilizingholidifying mixed wastes generated at DOE facilities, 
work is being performed at BNL to encapsulate incinerator fly ash waste. 
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range of waste types, including hazardous/radioactive waste, one of which is incinerator ash. In an 

The incinerator fly ash in this study are generated in the Waste Experimental Reduction Facility 
(WERF) at INEL. This fly ash contains a total of 40 pCi/g of activity consisting of fission products 

22 

23 

24 (Cs-137) and activation products (Co-57 ikd Sb-125). The ash was analyzed for 12 elements and the 
results are shown below: 25 
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Elemental Composition of INEL 
Incinerator Fly Ash - 

Element 

Zinc 
Lead 
Sodium 
Potassium 
Calcium 

Copper 
Iron 
Cadmium 
Chromium 
Barium 
Silver 
Nickel 

Weight Percentage 

36.0 
7.5 
5.5 
2.8 
0.8 
0.7 
0.5 
0.2 
BDL* 
BDL 
BDL 
BDL 

*Below detection limits (<0.05 wt. percent) 

The incinerator fly ash contains zinc, lead, sodium compounds, and highly soluble metal chloride salts 

that creates an acidic environment in the presence of moisture. The presence of these element and 
compounds have been shown to impede or interfere with cement solidification by reducing the 
ultimate mechanical strength of the waste form, by causing cracking and could greatly increase the 
mobility of contaminants (Kalb 1991). 

As stated above, however, modified sulfur cement is resistant to attack by acids and salts. 

The modified sulfur cement is a thermoplastic material that means that thermal input is required for 
processing. Also, when the sulfur cement is mixed with dry waste materials, a thick paste is formed. 
Therefore, a mixing system would be required to mix the waste and binder to form a homogeneous 
mixture. Several mixing systems were investigated and based on the processing requirements of 
modified sulfur cemendwaste combinations, a double planetary orbital mixer was chosen as the most 
appropriate system. 

Formulation and process development work was concluded to determine the limits and ease of 

W 9  processibility, while at the same time producing waste forms that conform to regulatory criteri 
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Maximum waste loadings were determined by first processing at waste loading above the limits of 
workability (Le., extremely dry mixtures that yielded friable products with little structural integrity) 
and then adding additional increments of modified sulfur cement until acceptable workability and 
product integrity were achieved. Reported waste loadings represent weight percent of dry ash, after all  
residual moisture has been removed. Using this procedure, a maximum waste loading of 55 weight 
percent INEL incinerator fly ash was determined. Due to its low pH and high chloride content, the 
maximum waste loading using portland cement achieved at INEL was 16 weight percent (Kalb 1991). 

Among the tests conducted on the waste forms were compressive strength and leachability to provide 
information on structural integrity and waste form behavior in a disposal environment. Modified 
sulfur cement is a brittle material and tends to shatter under axial compressive load. 

Compressive strength testing of waste form specimens containing 40 and 55 weight percent INEL fly 
ash encapsulated in modified sulfur cement were compared with modified sulfur cement spccimens 
containing no waste. The results indicated that compressive strength were not highly dependent upon 
waste loading (4053 psi to 40 weight percent ash and 4118 psi at 55 weight percent ash) "but both 
waste loadings displayed more than two times greater strength than the binder material alone (1800 
psi)." 

The INEL incinerator ash and samples of encapsulated ash at various waste loadings were tested using 
both the Extraction Procedure-Toxicity (EP Tox) and TCLP. 

The TCLP leachate data from the INEL incinerator ash show that cadmium and lead were present in 
concentration well above the EPA allowable limits for each chemical. The TCLP leachate from waste 
encapsulated in plan modified sulfur indicated that cadmium and lead above the allowable limits. 
(Leachate concentrations for encapsulated waste samples tested by the EP Tox method were found to 
be considerably lower, which demonstrates the conservative nature of the TCLP test.) 

Based on results of scoping experiments and other considerations, sodium sulfide was selected as an 
additive to further reduce mobility of toxic heavy metals in the incinerator ash and to comply with 
EPA TCLP hazardous waste concentration limits. Sodium sulfide reacts with the toxic metals salts to 
form metal sulfides of extremely low solubility. Sodium sulfide has been used extensively in the 
related field of waste watertreatment, and has been identified as an effective treatment technology by 
EPA. A ratio of sodium sulfide/fly ash of 0.175 was used based on the results of an experiment to 
determine the effectiveness of this additive on cadmium mobility under EPA leaching conditions. 
Optimization of INEL incinerator fly ash waste loading with added sodium sulfide (while maintaining 
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additive/ash ratio constant) yielded a maximum waste loading of 43 weight percent fly ash, 49.5 
weight percent modified sulhr cement, and 7.5 weight percent sodium sulfide (Kalb 1991). 

By using the optimal INEL incinerator ash with sodiuin chloride in modified sulfur cement, 2.7 times 
more incinerator ash can be used per drum (55 gallon) than when using Portland cement as the binder. 
INEL incinerator ash is difficult to stabilize using ordinary portland cement mixtures and the waste 
loading is limited to 16 weight percent. Modified sulhr cement is not susceptible to interference from 
the high concentrations of zinc, lead, sodium, and chloride as portland cement. The waste loading is 
increased significantly using modified sulfur cement. A process demonstration using production-scale 
equipment to encapsulate the incinerator fly ash in modified cement is being planned in conjunction 
with INEL. 

E.2.3 LITERATURE SEARCH 
A literature search was conducted to determine whether the performance of stabilizatiordsolidification 
have been sufficiently documented on similar wastes and the number of times the technology has been 
used. 

The literature search for Operable Unit 4 involved calling various laboratories that have been involved 
in stabilizatiordsolidification and reviewing various other available literature. Those laboratories 
contacted were the INEL, Oak Ridge National Laboratory (ORNL), and BNL. 

E.2.3.1 INEL Literature 
INEL representatives were contacted and they indicated that published information on stabiliza- 
tiordsolidification is not available because none has been performed. INEL however provided the 
name of a private company, Halliburton-NUS Environmental Company, with whom they had worked 
with previously. The contact person at Halliburton indicated he had performed work for the Savannah 
River Plant using stabilizatiordsolidification; however, he did not know how to get the report. He 
further stated that a lot of this type information is difficult to obtain because it is proprietary. During 
the course of the conversation, he also stated that it is his experience that a treatability study would be 
needed to indicate the type of inhibitors present in the waste. Although a complete analysis of the raw 
waste may be performed, sometimes those compounds that inhibit the stabilizatiordsolidification 
process are not found until the treatability testing is done. 

E.2.3.2 ORNL Literature 
ORNL was also contacted. ORNL provided a list of reports, which provided remedial techniques for 
various waste sites at ORNL. A review of the list and of some reports indicate that they do not 
provide information with regards to ex situ stabilizatiordsolidification. 
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2471 
E.2.3.3 BNL Literature 1 

BNL also providkd a list of references that used stabilization/solidification methods to treat various 
wastes. The two methods identified by BNL were the modified sulfur cement and polyethylene 
solidification processes and are discussed in Sections 2.6 and 2.8. 

2 

3 

4 

The results of the analysis performed on the solidified products produced by the two methods, indicate 

process however is the chosen method for solidifying Operable Unit 4 wastes. Therefore, the results 

comparison to portland cemenmy ash method. 

5 

6 

I 

that both methods are viable for solidification agents for low-level waste. The portland cemenvfly ash 

offered by the sulfur cement encapsulation and solidification using polyethylene is not relevant for a 

9 

E.2.3.4 Soliditech, Incornrated Literature 10 

The literature search also included a paper presented at the Forum of Innovative Hazardous Treatment 
Technologies by Soliditech, Incorporated. The paper described the Soliditech process, which is a 

1 1  

12 

13 

14 

15 

mixing process based on the use of pozzolans or cement and various additives that enhance the ability 
of the mixture to incorporate organic compounds into the matrix and reduce the potential for these 
compounds to leach from the solidified product. 

The Soliditech process solidifies wastes by use of UFUUCHEM (a proprietary chemical reagent, U.S. 
patent pending), additives, pozzolanic solids, and water. The proportions of reagent, additives, and 

16 

17 

18 
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20 

pozzolan are optimized for each particular waste requiring treatment. The solidified material displays 

that of concrete (Brassow 1989). 
properties of excellent unconfined compressive strength, high stability, and a rigid texture similar to 

Three different waste streams were treated as part of the demonstration, which included a soil 
contaminated with oily sludge, a filter media with a high percentage of hydrocarbons and an oily tank 
bottom sludge. The latter stream was co-treated with the filter media during the demonstration. 

21 

22 

23 

Untreated waste samples were collected for each test parameter from each of the three waste streams. 

solubles removed by leaching/extractions. The results allow a direct comparison of physical and 

treatment process (Brassow 1989). The information presented below is from the results of Brassow 

24 

These samples were analyzed for total chemical constituents, physical characteristics and the amount of 

chemical properties between the treated and untreated waste and a determination of effectiveness of the 
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26 

n 
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1989. 29 
. 

Untreated waste -- Untreated waste from the site consisted of contaminated soil, filter cake, 30 

31 

32 

and filter cake/oily sludge. These wastes contained 2.8 to 17 percent oil and grease, with 
relatively low levels of other organic compounds. PCB (Aroclors 1242 and 1260) concentra- 
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tions ranged from 28 to 43 mg/g; arsenic concentrations from 14 to 94 m a g ;  lead 
concentrations ranged from 650 to 2470 mg/kg; and zinc concentrations from 26 to 151 
m@g. 

Treated Waste -- The Soliditech stabilization process produced solidified waste with high 
structural stability and low permeability. UCS values ranged from 392 to 856 psi. 
Permeability values ranged from 8.9 x 10‘’ to 4.5 x lo-’ cds .  Because of the cementitious 
additives in the Soliditech process, pH values of the solidified wastes ranged from 11.7 to 
12.0. Arsenic concentrations ranged from 28 to 92 mg/kg; lead concentrations from 480 to 
850 m a g ;  zinc concentrations from 23 to 95 mgkg; and PCB (Aroclors 1242 and 1260) 
concentrations from approximately 15 to 41 m a g .  Low concentrations of phenol and p 
cresol were found in solidified filter cake and filter cake/oily waste samples. These 
compounds were not detected in the untreated wastes. 

Extract of Untreated Waste -- Arsenic, lead, and zinc were found in EP, TCLP, and BET 
extracts of the untreated wastes. No PCBs were detected in the TCLP extracts of the untreated 
wastes. Total concentrations of up to 1.3 mg/L of volatile organic compounds and up to 0.38 
mg/L of semivolatile organic compounds were detected in TCLP extract of the untreated 
waste. Oil and grease concentrations of 1.4 to 1.9 mg/L were detected in the TCLP extract of 
the untreated waste. Untreated wastes could not be tested by ANS 16.1. 

Extract of Treated Waste -- Significantly reduced amounts of metals were detected in the 
TCLP, EP, BET, and ANS 16.1 extracts of the treated waste. No PCBs or volatile organic 
compounds were detected in the TCLP extract of the treated waste. Phenol, pcresol, o-cresol, 
and 2,4-dimethylphenol were detected in the post-treatment TCLP waste extracts. Oil and 
grease concentrations of 2.4 to 12.0 mg/L were detected in the TCLP extracts. 

The range of UCS and low permeabilities verify the solidification objective. 

The change in volume ranged from 0 to 60 percent but the median appeared to be less than 30 
percent. This is an important parameter when estimating disposal volume of treated waste and this 
level is probably an acceptable increase now (Brassow 1989). 

E.3.0 SOLIDIFICATION PROCESS CHOSEN FOR OPERABLE UNIT 4 

Section 2.0 contains descriptions of the various types of stabilizationholidification methods and their 
associated advantages or disadvantages. As a result of reviewing these methods, the portland 
cemenvfly ash process is the technology that has been chosen to solidify the waste in Operable Unit 4. 

The modified sulfur cement encapsulation method, which appears to be a viable technology but data 
results from other studies using this method are not documented, to verify its success rate. Also, the 
use of the modified sulfur cement requires the use of an additive, such as sodium sulfide, to reduce the 
mobility of toxic metals. The results from the laboratory study for modified sulfur indicates that is a 
better binder than portland cement in that the modified sulfur cement would have higher waste 
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loadings than the portland cement. Studies using portland cementlfly ash have however been 
performed is pozzolonic and acts as an adsorbent for metal ions. Therefore, by using portland 
cementlfly ash, an existing waste can be used as resource to aid in treating other wastes at the site. 

1 

2 

3 

E.4.0 CONCLUSIONS AND RECOMMENDATIONS 4 

The purpose of this additional literature search was to provide additional justification for choosing 5 

6 stabilization/solidification using a portland cementlfly ash mixture as the treatment process option. 

One of the main criteria to determine whether a treatability study is required is to.determine from a 
literature search whether sufficient documentation of results exist for the treatment method being 
proposed. 9 

I 

8 

Based on the results of this literature search, it can be concluded that sufficient documentation of 
results of stabilization/solidification of wastes similar to Operable Unit 4 is not available. Therefore, 
the treatability study for Operable Unit should be conducted. 
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